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ABSTRACT
Studies with the transmission electron microscope were used to detect and
attempt to identify viruses infecting sweetpotato (Ipomoea batatas) and other Ipomoea
species. Flexuous-rods, short curved-rods, and spherical virus-like particles were
observed in cells o f symptomatic plants. Also, various cytopathic changes such as
crystals, vesicles, fibril structures, and cylindrical inclusions were observed. Some of
these cytopathic changes were associated with specific viral groups such as genus
Crinivirus and Potyvirus and therefore helpful in diagnosis.
Some molecular and biological properties of an isolate o f Sweetpotato chlorotic
stunt virus from the sweetpotato cultivar White Bunch (SPCSV-WB) were determined.
Two species o f whiteflies, Bemisia tabaci biotype B and Trialeurodes abutilonea,
transmitted SPCSV-WB to /. nil cv. Scarlet O’Hara. Two double-stranded RNA
fragments (10 and 4 kb) o f SPCSV-WB were isolated from infected/, setosa plants.
DNA fragments of the homologue heat shock protein 70 (HSP70) and the coat protein
(CP) genes o f SPCSV-WB were obtained by Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR). The derived amino acid sequence o f the HSP70 o f SPCSV-WB
was identical to that o f the East and West African isolates o f SPCSV. The presence of
SPCSV in field-collected sweetpotato samples was not confirmed.
Five viruses designated LSU-1, LSU-2, LSU-3, LSU-4, and LSU-5 were
obtained from field-collected samples o f I. batatas. Preliminary serological tests
indicated that they were members of the family Potyviridae. RT-PCR was conducted
with these viruses using specific primers for the Potyviridae. RT-PCR products
corresponding to the partial 3’ end o f the nuclear inclusion B (Nib) and the partial 5’
x
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end o f the CP genes were obtained. A DNA fragment amplified from the LSU-1 and
LSU-3 potyviruses showed 98 % identity to the corresponding sequence of Sweetpotato
virus G. DNA fragments amplified from LSU-2 and LSU-5 were similar. Also, the
amplified fragments contained various common motifs of the Potyviridae. The
phylogenetic relationships based on the partial sequence of Nib and CP genes o f these
four viruses were determined.
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CHAPTER 1. INTRODUCTION
Sweetpotato (Ipomoea batatas (L.) Lam.) is a dicotyledenous plant in the family
Convolvulaceae (the morning glory family) which also contains several important
species o f weeds and cultivated ornamentals. Sweetpotato is a perennial plant grown as
an annual. This plant is thought to have originated in Central America or South
America, but currently it is cultivated world wide including Africa and Asia (Ravi and
Indira, 1999).
Sweetpotato flowers are complete and trumpet-shaped. Seeds are borne in a
capsule and seedlings have characteristically bilobed cotyledons, similar to those of
many morning glories. The leaves o f different genotypes vary widely in size, length of
petiole, and shape. The roots of sweetpotato originate adventitiously from the vine or as
a result of lateral branching o f other roots. The sweetpotato plant produces mainly three
types o f roots, which are primary fibrous roots, pencil roots, and storage roots. The
storage roots are not tubers and are initiated most frequently at the first stem node
below the soil line (Ravi and Indira, 1999).
Sweetpotato is high-energy food. The storage roots are commonly consumed
directly as food, but the shoot tips also are a minor food item. The storage roots contain
a total carbohydrate content o f25-30%, and are good source of provitamin A
carotenoids, vitamin C, and many kinds o f minerals such as potassium, iron, and
calcium. Storage roots also are used as a source of starch and for fermentation products,
including wine, ethanol, lactic acid, acetone, and butanol (Clark and Moyer, 1988).
Sweetpotato is an important food crop in many countries throughout the tropics.
Among the food crops of the world, sweetpotato is the third most important root crop
1
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after potato and cassava and is ranked seventh in global crop production based on
weight (Chavi et al., 1997). It ranks fourth in importance in the developing world after
rice, wheat, and com. Currently, China is the largest producer with about 80% of the
world production (Clark and Moyer, 1988; Karyeija et al, 1998). The crop is grown
primarily in tropical and subtropical regions with low input and can produce high yields
under marginal condition (Chavi et al., 1997).
Like other plants, sweetpotatoes are subject to diseases caused by viruses,
mycoplasma, bacteria, actinomycetes, fungi, nematodes, and abiotic factors. Because
sweetpotato is vegetatively propagated, viral diseases often cause significant reduction
in yield and quality o f storage roots (Clark and Moyer, 1988), and viral infections have
been identified as the second most important biotic component (after insect infestation)
in limiting sweetpotato production (Chavi et al., 1997). According to the International
Potato Center (CIP), crop loss figures in excess of SO % have been attributed to viral
infections o f sweetpotato (Chavi et al., 1997). Despite their importance, virus diseases
of sweetpotato are probably the most poorly understood o f all sweetpotato diseases.
There are many difficulties with the biological assays used for sweetpotato virus
detection (Clark and Moyer, 1988; Chavi et al., 1997; DeSouto, 1998; Lotrakul, 2000).
The use of infected planting material such as vine cuttings is the most common
source of sweetpotato viruses and many of them have insect vectors (Clark and Moyer,
1988). Therefore, virus-tested planting materials should be used and grown in areas free
of inoculum sources (Moyer and Salazar, 1989; Wisler et al., 1998). Production of
sweetpotato germplasm free from known viruses by meristem or shoot tip culture
techniques can be used for sweetpotato virus control. Also, use o f resistant sweetpotato
2
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cultivars developed by traditional breeding programs or by introduction of foreign
genes from other resistant plants or from viral origin may improve production of
sweetpotato (Moyer and Salazar, 1989).
Sweetpotato viruses have been detected by observing symptom expression
patterns in infected plants in the field or on sensitive indicator plants used in biological
assays, or occasionally supplemented with confirmatory biochemical assay or electron
microscopy. Biological assays o f sweetpotato viruses have limitations because viruses
occur in mixed-infections of unknown viruses with Sweetpotato feathery mottle virus
(SPFMV); they have restricted host ranges; low concentration in sap; uneven
distribution in the test plants; and possible inhibition of virus transmission by plant
tissue extracts (Chavi et al., 1997; Moyer and Salazar, 1989).
Currently, a concerted effort is being made in several laboratories to elucidate
the etiology o f sweetpotato diseases with symptoms frequently associated with virus
infections. Although there are many sweetpotato virus diseases described, the etiology
o f many of these diseases has not been determined and reliable detection procedures
have not been documented (Moyer and Salazar, 1989). Only a few viruses infecting
sweetpotato have been identified and characterized (Brunt et al., 1996; Clark and
Moyer, 1988; Moyer and Salazar, 1989). However, recent advances in molecular
biology have allowed the rapid, sensitive, and reliable detection of plant viruses
including sweetpotato viruses based on synthetic nucleic acid probes or the in vitro
amplification o f specific DNA sequences by polymerase chain reaction (PCR) (Chavi et
al., 1997). The development of the reverse transcription (RT)-PCR technique has
allowed virologists to compare some sweetpotato viruses at the molecular level (Chavi
3
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et a l, 1997). Also, information obtained from comparative studies o f biological and
biochemical properties along with phylogenetic relationships with other plant viruses
can help to clarify the ambiguity of the taxonomy of sweetpotato viruses (Colinet et al.,
1994; Colinet et al., 1996).
There are more than 15 viruses known to infect sweetpotatoes (Feo et al., 2000),
but only about half have been well characterized (Alvarez et al., 1997; Karyeija et al.,
1998; Lotrakul, 2000). These viruses include Sweetpotato chlorotic stunt virus (SPCSV)
(Pio-Ribeiro et al., 1996; Winter et al., 1992), SPFMV (Moyer and Salazar, 1989; Clark
and Moyer, 1988), Sweetpotato lea f curl virus (SPLCV) (Lotrakul et al., 1998; Lotrakul
and Valverde, 1999), Sweetpotato leaf speckling virus (SPLSV) (Fuentes et al., 1996),
Sweetpotato latent virus (SPLV) (Clark and Moyer, 1988), Sweetpotato mild mottle
virus (SPMMV) (Colinet et al., 1996), Sweetpotato mild speckling virus (SPMSV)
(Alvarez et al., 1997), Sweetpotato virus G (SPVG) (Colinet et al., 1994), Sweetpotato
vein mosaic virus (SPVMV) (Moyer and Salazar, 1989), and Sweetpotato yellow dwarf
virus (SPYDV) (Clark and Moyer, 1988). In addition to these sweetpotato viruses,
Cucumber mosaic virus (CMV) (Cohen et al., 1988), Tobacco mosaic virus (TMV) and
Tobacco streak virus (TSV) also have been reported to infect sweetpotatoes (Clark and
Moyer, 1988).
SPFMV is the most thoroughly characterized virus o f sweetpotato (Moyer and
Salazar, 1989), and it is found nearly everywhere sweetpotatoes are grown (Clark and
Moyer, 1988). SPFMV belongs to the family Potyviridae (Brunt et al., 1996). Many
strains o f SPFMV have been identified, and worldwide it has been referred to by many
different names. The symptoms associated with SPFMV infection are classic irregular
4
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chlorotic patterns (feathering) associated with the leaf midrib as well as faint or distinct
chlorotic spots that have purple-pigmented borders in some genotypes. Vein clearing,
vein banding, and chlorotic spots are the predominant symptoms observed in the
indicator host I. setosa (Moyer and Salazar, 1989). The common strain o f SPFMV
(SPFMV-C) may induce only foliar symptoms, but the russet crack (SPFMV-RC) and
vein clearing (SPFMV-VC) strains may cause annular necrotic lesions in some sensitive
sweetpotato cultivars (Clark and Moyer, 1988; Usugi et al., 1994). Relationships among
SPFMV strains have been partially investigated based on serogical tests and nucleotide
sequence comparisons (Abad et al., 1992; Chavi et al., 1997; BCreuze et al., 2000).
Currently, several techniques have been developed for SPFMV detection in addition to
the conventional indicator hosts. These include RT-PCR (Colinet et al., 1994; De
Souto,1998), molecular hybridization using riboprobes (Abad et al., 1992), Western blot
analysis (Hammond et al., 1992), enzyme-linked immunosorbent assay (ELISA)
(Esbenshade and Moyer, 1982), membrane immunoblotting assay (Gibb and Padovan,
1993), and serologically specific electron microscopy (SSEM) (Usugi et al., 1991).
SPCSV, the Crinmrus, member o f the family Closteroviridae, has been
reported in sweetpotato from East and West Africa, Israel, and in an heirloom
sweetpotato cultivar from the United States (Winter et al., 1992; Cohen et al., 1992;
Gibson et al., 1998; Alicai et al., Pio-Ribeiro, et al., 1996). The virus alone causes mild
symptoms which consist of slight stunting, purpling o f lower leaves, and mild chlorotic
mottle in susceptible sweetpotato cultivars grown under conditions favorable for disease
development (Gibson et al., 1998; Winter et al., 1992). However, if this virus is mixinfected with SPFMV, more severe symptoms are induced. SPCSV induces many small
5
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membrane-bound vesicles in the phloem parenchyma cells o f infected plants. These
vesicles are characteristic o f infection by members of Crinivirus (Coffin and Coutts,
1993, Cohen et al., 1992). SPCSV is transmitted by two whitefly species, Bemisia
tabaci and Trialeurodes abutilonea, in a semi-persistent manner (Wisler et al., 1998;
Sim et al., 2000). Serological studies using both polyclonal and monoclonal antibodies
to the Kenya and Israel isolates o f SPCSV indicated that the geographically diverse
isolates were closely related (Wisler et al., 1998). In spite o f several names used for the
virus, there is apparently only one virus species, SPCSV. Although SPCSV isolates are
closely related, they can be differentiated into two serotypes, the East African, and the
non-East African serotype, based on serological and molecular analyses (Vetten et al.,
1996; Wisler etal., 1998).
The United States isolate o f SPLCV (SPLCV-US), a member of the family
Geminiviridae, was detected from sweetpotato samples showing leaf curl in the United
States (Lotrakul et al., 1998). Similar diseases have been described in Taiwan and
Japan. SPLCV-US induce mild upward leaf curling on I. setosa while /. aquatica reacts
with a bright yellow mottle (Lotrakul et al., 1998). SPLCV-US is transmitted by the
sweetpotato whitefly, B. tabaci. Granular aggregates o f virus-like particles with fibril
inclusions typical o f geminivirus infections were observed in the nuclei o f infected plant
cells (Lotrakul et al., 1998). The complete nucleotide sequence of SPLCV-US has been
reported, and SPLCV-US is a monopartite begomovirus (Lotrakul and Valverde, 1999;
Lotrakul, 2000).
SPLSV was isolated from sweetpotato samples in northern Peru that had
symptoms o f leaf curling and white speckling (Fuentes et al., 1996). The virus induces
6
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dwarfing and leaf curling in addition to chlorotic and necrotic spotting in I. nil and L
setosa (Fuentes et al., 1996). SPLSV virions are isometric with a diameter of about 30
nm and transmitted by the aphid species Macrosiphvm euphorbiae in a persistent
manner (Fuentes et al., 1996). The coat protein sequences o f the SPLSV indicated that it
is a member of the Ltiteoviridae (Fuentes et al., 1996).
SPLV has been reported only from China, Japan, and Taiwan. This virus was
initially designated as Sweetpotato virus N (Moyer and Salazar, 1989; Hammond et al.,
1992; Usugi et al., 1991). Many sweetpotato cultivars infected by SPLV do not have
obvious foliar symptoms (Clark and Moyer, 1988). SPLV is a potyvirus distinct from
SPFMV based on serological tests. (Hammond et al., 1992). The cylindrical inclusions
typical o f potyviruses and partial nucleotide sequences obtained from RT-PCR indicate
that SPLV is a potyvirus (Colinet et al., 1997 Clark and Moyer, 1988).
SPMMV was isolated in East Africa from sweetpotatoes exhibiting leaf
mottling, veinal chlorosis, dwarfing, and poor growth (Moyer and Salazar, 1989; Clark
and Moyer, 1988). SPMMV-infected /. setosa plants show bright yellow veinal
chlorosis in as many as four leaves after inoculation, but subsequent leaves are
symptomless (Moyer and Salazar, 1989). This virus has been referred to as Sweetpotato
virus-T in a preliminary report and it may be the same as Sweetpotato virus B, which
isolated from sweetpotatoes in East Africa (Clark and Moyer, 1988). Recently, partial
nucleotide sequences and their derived amino acid sequences of SPMMV have been
reported by Colinet et al. (1996) and these sequences indicated that SPMMV is a
member o f Potyviridae. However, phylogenetic analyses o f the core coat protein
sequences failed to reveal any relationship with members o f three recognized genera,
7
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Potyvirus, Rymovirus, or Bymovirus o f the Potyviridae. Therefore, SPMMV is
classified into a distinct genus, Ipomovirus (Brant et al., 1996; Colinet et al., 1996).
SPMSV was detected in the central region o f Argentina from a disease caused
by a viral complex called ‘sweetpotato chlorotic dwarf disease*. The symptoms on the
diseased plants are general chlorosis, dwarfism or severe stunting, vein clearing, and
leaf distortion (Alvarez et al., 1997; Feo et al., 2000). Alvarez et al. (1997) proposed
SPMSV to be a possible new member o f the genus Potyvirus, based on coat protein
sequences. The coat protein sequences o f SPMSV showed 63 % identity with SPFMV,
68-70 % with SPLV, 57 % with SPV-G, and 73 % with Potato virus T(PVY).
SPVG was detected in sweetpotato samples from China (Colinet et al., 1994;
Colinet et al., 1998). However, only information about the coat protein sequence of this
virus is available. The coat protein sequence of SPVG shows more than 70 % identity
when compared with that of SPFMV isolates, and only less than 70 % with that of
SPLV isolates (Colinet et al., 1994; Colinet et al., 1998). The sequence comparisons and
phylogenetic analyses using the coat protein sequences of known potyviruses indicate
that SPVG is a member of the genus Potyvirus.
SPVMV has been reported only in Argentina (Moyer and Salazar, 1989).
Sweetpotato plants infected by this virus are severely stunted and produce fewer new
roots. Host range o f SPVMV is limited to the Convolvulaceae (Clark and Moyer, 1988).
SPVMV also belongs to the potyvirus group. This virus is aphid transmitted and
cylindrical inclusions are found in cells o f infected plants (Brant et al., 1996). SPVMV
has not been purified, and consequently antiserum is not yet available to compare this

8
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virus with other known potyviruses or to assay sweetpotatoes from other countries
(Moyer and Salazar, 1989).
SPYDV was described in Taiwan (Clark and Moyer, 1988). Some properties of
SPYDV are similar to that of SPMMV. SPYDV is whitefly-transmitted in a persistent
manner and by mechanical inoculation. Also, cylindrical inclusions are produced in
plants infected by SPMMV. However, this virus has not been adequately characterized
(Moyer and Salazar, 1989). Sweetpotato plants infected by SPYDV show mottling,
chlorosis, and dwarfing. Also, the root systems of infected plants are poorly developed,
and fleshy roots are not marketable (Moyer and Salazar, 1989).
Among those viruses detected and characterized, most o f them belong to the
family Potyviridae or share characteristics of potyviruses including aphids or
mechanically transmission, cylindrical inclusions of cytopathic effects, and coat protein
homology. Recently, amplification of the mRNA encoding the viral coat protein by RTPCR and sequence comparisons o f coat protein genes have been used for identification
o f members of the genus Potyvirus (Abad et al., 1992; Shukla and Ward, 1989; Colinet
et al., 1994; Colinet et al., 1996; Colinet et al., 1998; De Souto, 1998).
The potyvirus group is the largest and economically most important of the 28
plant virus families currently recognized (Shukla and Ward, 1989; Shukla et al., 1994;
De Souto, 1998). It contains over 200 definitive and possible members accounting for
more than one-quarter of all viruses known to infect plant species around the world
(Francki et al., 198S; Shukla and Ward, 1989, Shukla et al., 1994). New members are
being discovered and added to the list of potyviruses more frequently than for any other
virus group. The potyvirus group contains an unusually large number of strains or
9
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pathotypes that differ mainly in biological properties, such as host range or
pathogenicity (Shukla and Ward, 1989). Most members are transmitted by different
aphid species in nature and also some are transmitted through seeds o f infected plants.
These two properties o f potyviruses together with the diversity of crops they infect
assure the continuous presence o f potyviruses in the field throughout the year (Shukla
and Ward, 1989).
The definitive members o f the potyvirus group are characterized by having long,
flexuous, rod-shaped particles, 680-900 nm long and 11 nm wide; inducing host cellassociated characteristic pinwheel-type inclusion bodies; and aphid transmission
(Shukla et al., 1994; Brunt et al., 1996). The particles contain 5 % nucleic acid and 95
% protein. The coat protein consists o f about 2000 copies of a single protein species of
molecular weight ranging from 30,000 to 37,000 daltons. The genome consists o f a
monopartite, positive-sense single-stranded RNA (Brunt et al., 1996; Shukla and Ward,
1989).
The current unsatisfactory state o f potyvirus taxonomy is due to the large size of
this group, the apparent variation among members, and the lack of satisfactory
taxonomic parameters to distinguish viruses from strains. For identification and
classification of potyviruses, criteria can be envisaged only from a thorough
understanding of the variation in the genome and coat protein structures o f potyviruses
and by understanding the significance o f this variation (Shukla and Ward, 1988; Shukla
and Ward, 1989).
The molecular weights o f the coat protein subunits from potyviruses have been
determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS10

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

PAGE), amino acid analysis, and protein and gene sequencing. The molecular weight
SDS-gel values range from 28,000 to 40,000 with most estimates in the 33,000-34,000
range. The molecular-weight values based on amino acid analysis and peptide mapping
tend to be underestimates (Shukla and Ward, 1989).
The coat proteins from distinct potyviruses vary considerably in size (263-330
amino acids) because o f differences in length o f their N-termini. These variations in
length at the N-terminal region may reflect different locations o f the specific cleavage
sites in this highly variable region o f the potyvirus polyprotein. In contrast, the Cterminal ends only vary in length by one or two residues. Comparison of amino acid
sequences showed that most coat proteins start with serine, but others start with alanine
or glycine (Shukla and Ward, 1989). Potyvirus coat proteins contain several conserved
arginine residues, some o f which may interact with viral nucleic acid as suggested for
tobamoviruses and potexviruses (Shukla and Ward, 1989). Potyvirus flexuous rods are
made up of approximately 2,000 coat protein subunits arranged in a helical manner
(Shukla and Ward, 1989). McDonald and Bancroft (1977) described assembly of
potyviruses using Potato virus Y that resulted from aggregates as stacked-ring particles.
It has been shown that the N-terminal and C-terminal regions o f potyvirus coat proteins
are exposed on the surface of the virus particle (Allison et al., 1985; Shukla and Ward,
1989). This observation suggests the possibility for common features o f polypeptide
folding and subunit packing among rod-shaped plant viruses (Shukla et al., 1988).
However, the role o f the surface exposed N and C termini of coat protein in the
structure or biological function o f potyviruses is not known. Shukla et al. (1988)

11
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indicated that the two termini were not required for infection following mechanical
transmission o f the virus to healthy plants.
Antigenic properties, host range and symptom expression, amino acid
composition and sequences, nucleic acid sequences, and vector specificity have been
considered the most useful properties in that order for distinguishing viruses within
plant virus groups (Shukla and Ward, 1989). In the case of potyviruses, identifications
and subgroupings suggested on the basis of host range, cross-protection, and
morphology o f cytoplasmic inclusions have shown various anomalies and
inconsistencies and therefore have generally not been accepted by virologists (Francki
et al., 1985; Shukla and Ward, 1989). Also, on the basis o f comparative biological
properties and inconsistent serology, strains of potyviruses form a continuous array
(continuum hypothesis) such that the boundaries separating the strains of any two
related viruses cannot be sharply defined. However, in amino acid sequence homology,
a distinct strain of one virus could appear more closely related to the distinct strain of a
second virus than either are to their homologous viruses (Shukla and Ward, 1989).
Computer analysis o f all the available potyvirus coat protein sequence data showed that
distinct members exhibit sequence homologies o f 38-71 % (average 54 %), and strains
o f individual viruses have homologies o f90-99 % (average 95 %). These observations
may indicate that the boundaries between peripheral virus strains are not blurred. These
results clearly reveal a bimodal distribution of sequence homologies for distinct
members and strains of potyviruses (Shukla and Ward, 1989).
Shukla and Ward (1989) suggested that criteria based on the structural
properties o f coat proteins could be more useful than other properties for identification
12
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and classification o f members of this group for several reasons. First, the coat protein is
a unique gene product with an amino acid composition that is characteristic of the group
and an amino acid sequence that shows no significant homology between different
groups of plant viruses, in contrast to other gene products. Second, the coat protein is
the only major gene product in the virion and accounts for 95 % of the potyvirus
particle, therefore taxonomic criteria based on coat protein will compare only a fraction
o f the total genomic information (Domier et al., 1987; Shukla and Ward, 1989).
However, successful classifications have been developed on the basis o f very few
parameters and the reconstruction of phylogenetic trees of higher organisms has been
done on the basis of the degree o f sequence homology found in a small number of their
proteins (Wilson et al., 1977; Shukla and Ward, 1989). Finally, serology reflects protein
structure and serological techniques are the most preferred to date among the various
methods used for detection, identification, and classification o f plant viruses (Shukla
and Ward, 1989).
Yields o f sweetpotato cultivars in the United States have appeared to gradually
decline over several years after they are released to farmers. The causes o f decline in
yield and quality have not been thoroughly investigated, but several factors can
contribute to such a decline. Virus diseases have been presumed to play an important
role in the production o f sweetpotato (C. A. Clark, personal communication). In
Louisiana, viruses are one of the factors causing the greatest reductions in yield and
quality o f sweetpotato (Clark et al., 1997). Preliminary data suggested that viruses
might contribute to cultivar decline o f sweetpotato (C. A. Clark, personal
communication). Although several sweetpotato viruses have been isolated from
13
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different sweetpotato growing regions o f the world (Feo et al., 2000; Karyeija et al.,
1998), only two well-characterized viruses, a potyvirus SPFMV and a geminivirus
SPLCV have been reported to occur in the United States (Clark and Moyer, 1998;
Lotrakul et al, 1998; Lotrakul and Valverde, 1999). A crinivirus, SPCSV was reported
to infect plants o f the cultivar White Bunch from the USDA plant Genetics Resource
Unit in Griffin, GA (Pio-Ribeiro et al., 1996), but the presence o f SPCSV in the field
has not been confirmed. De Souto (1998) detected three strains of SPFMV using RTPCR detection methods. Since 1994, sweetpotato samples have been collected from
different sweetpotato fields in Louisiana and other states for a virus disease survey. The
field-collected sweetpotatoes were grafted onto the indicator plant (/. setosa), and
various virus-like symptoms have been observed. Also, some putative viruses have been
isolated on Ipomoea species by mechanically or graft inoculations, but the causal agents
have not been characterized (C. A Clark, personal communication). The
characterization o f these putative viruses may lead to a better understanding of its
pathogenesis and roles in reduction of sweetpotato production.
The objectives of the present study were to investigate the cytopathic changes on
plants infected with known and/or unknown sweetpotato viruses and to determine
molecular and biological properties of an isolate of SPCSV from the cultivar White
Bunch and the properties o f several potyviruses obtained from field collected samples
of sweetpotatoes.

14
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CHAPTER 2. VIRUS-LIKE PARTICLES AND CELLULAR CHANGES IN
PLANTS INFECTED WITH SWEETPOTATO VIRUSES
2.1 INTRODUCTION
Electron microscopy has played an important role in the development of plant
virology, contributing significantly to the understanding o f molecular biology and
pathology of viruses and to the development of virus taxonomy and diagnostics.
Electron microscopy studies have revealed wide differences in particle morphology and
size o f viruses, which are of great help in classification and virus detection. Moreover,
with the electron microscope, virologists have determined that virus particles may occur
in most plant tissues, such as Tobacco mosaic virus (TMV), or in specific tissues only
such as the phloem-limited Citrus tristeza virus (CTV). Electron microscopy studies
have also help to trace the viruses in their insect vectors (Bos, 1983).
There are many sweetpotato (Ipomoea batatas (L.) Lam) virus diseases
described in the literature and various virus groups have been identified as the causal
agents (Clark and Moyer, 1988; Moyer and Salazar, 1989). However, the etiology of
several sweetpotato diseases has not been determined and therefore reliable detection
procedures for some of them have not been developed (Moyer and Salazar, 1989).
Viruses have been presumed for many years to cause several important diseases
o f sweetpotato, but the first extensive characterization of a sweetpotato virus was
conducted with Sweetpotato feathery mottle virus (SPFMV) (Moyer and Kennedy,
1978; Moyer and Cali, 1985). Recently, two sweetpotato viruses, the United States
isolate of Sweetpotato leafcurl virus (SPLCV-US) (Lotrakul et al., 1998) and
Sweetpotato chlorotic stunt virus (SPCSV) (Winter et al., 1992) have been well
15
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characterized and their cytopathic effects reported. Although virus etiology is currently
an area o f considerable research activity, several sweetpotato viruses have yet to be
isolated and characterized successfully (Gibson et al., 1998; Chavi et al., 1997). This
could be due in part to the lack o f information about inter-relationship between different
virus groups and the role of viruses on host plant showing synergism.
Studies o f sweetpotato tissues from infected plants using electron microscope
can provide information that could be useful for virus identification. The purpose of this
investigation was to identify the virus or viral group from various Ipomoea tissues
infected with different sweetpotato viruses.
2.2 MATERIALS AND METHODS
2.2.1

Plant M aterials and Source of Viruses

The sweetpotato heirloom cultivar White Bunch, and the African cultivar
Wagabolige (PI595888) were obtained from the USDA (sweetpotato germ plasm
repository) Plant Genetics Resources Unit at Griffin, GA, propagated by cuttings and
maintained in screen cages in a greenhouse. White Bunch was reported to be mixinfected with SPFMV and SPCSV by Pio-Ribeiro et al. (1996). Since /. aquatica is not
a host for most SPFMV strains (C. A. Clark, personal communication), scions of White
Bunch were grafted to /. aquatica in order to eliminate SPFMV before using it as source
o f a SPCSV for further studies. A single-whitefly-transmitted isolate of SPCSV
maintained on /. nil cv. Scarlet O’Hara (SOH) was used in most experiments. Cuttings
o f Wagabolige were planted in the field, and later scions from field plants grafted to /.
setosa (C. A. Clark, personal communication). These /. setosa grafted with a scions
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from the cultivar Wagabolige induced symptoms of chlorosis, vein banding, mottling,
and chlorotic spots.
The sweetpotato breeding line W-28S showing leaf curl symptoms was obtained
from the USDA-ARS Vegetable Laboratory, Charleston, SC. Scions from W-285 were
grafted to I. aquatica, /. cordatotriloba, SOH, and I. setosa.
Scions o f sweetpotato samples collected from farms from various areas in the
United States were grafted onto I. setosa. Grafted plants reacted with chlorosis,
chlorotic spots, leaf curl, leaf malformation, mild mottle, mosaic, and vein clearing.
Some samples were selected, because they were negative or gave weak positive
reactions in preliminary tests using the enzyme-linked-immunosorbent assay (ELISA)
with polyclonal antibodies for the severe russet crack strain o f SPFMV (SPFMV-SRC)
(supplied by J. Moyer, North Carolina State University). However, these samples
reacted positive with a monoclonal antibody for Potato virus Y 1 (PTY 1) (Agdia,
Elkhart, Indiana) that reacts with most potyviruses. The selected field-collected
sweetpotatoes were designated LSU-1, LSU-2, LSU-3, LSU-4, and LSU-5. Virus
isolates were obtained for LSU-2 and LSU-5 after single local lesion transfers through
Chenopodium quinoa. Additionally, a single aphid probe was used to obtain an isolate
o f LSU-1. SOH and I. setosa mechanically inoculated with SPFMV-C were used as
control for infection of SPFMV.
Beach morning glory (I. pes-caprae) cuttings showing mild mottle were
collected from a beach near Tampa (Pinellas County) FL. /. setosa was grafted with
scions from the beach morning glory and reacted with leaf distortion and crinkling. The
putative virus causing these symptoms was mechanically transmitted to /. setosa and
17
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SOH. Uninoculated SOH and I. setosa seedlings routinely grown in the greenhouse
were used as controls.
2.2.2

Tissue Preparation for Transmission Electron Microscopy

Tissue samples of about 2 mm in width and 5 mm in length (veins and adjacent
mesophyll) from leaves o f plants infected with the previously listed viruses were
collected for electron microscopy studies. Generally, samples were obtained from
infected plants 2-4 weeks after inoculations. Samples were fixed in 4 % glutaraldehyde
containing 0.05 M cacodylate buffer (pH not adjusted) for 2 h at room temperature,
followed by three washings (20 min each) with the same buffer. After post-fixation in 1
% osmium tetraoxide for 2 h, samples were washed briefly with distilled water, and
stained overnight in 0.5 % uranyl acetate at 4°C. The following day, samples were
obtained from infected plants 2-4 weeks after inoculations, samples were dehydrated by
graded dilution series o f ethanol up to 100 % at room temperature. Infiltration was
achieved through 50 % (v/v) LR (London Resin) White Resin medium grade (Electron
Microscopy Sciences, Fort Washington, PA) in 100 % ethanol and two times in 100 %
LR White Resin; each step was 30 min in duration. Samples were fixed in 4 %
glutaraldehyde containing 0.05 M cacodylate buffer (pH not adjusted) for 2 h at room
temperature, followed by three washings (20 min each) with the same buffer. Blocks
were polymerized by exposure to a temperature at 60°C overnight Ultra-thin sections
(about 70 nm) were cut with a glass knife and collected on Formvar film-coated copper
grid (100 square mesh, Electron Microscopy Sciences, Fort Washington, PA), then
stained in lead citrate for 15 sec, and observed using a transmission electron microscope
(100CX, JEOL) operated at 80 kV.
18
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13 RESULTS
23.1SPCSV-WB
SOH inoculated with a whitefly-transmitted isolate o f SPCSV from White
Bunch (SPCSV-WB) showed leaf distortion and general or interveinal chlorosis.
Infected tissues o f SOH yielded cells (phloem parenchyma) with flexuous, rod-shaped
virus-like particles o f approximately 12 run in diameter o f undetermined length (Figure
2.1). Also, infected tissues had cellular changes that were similar to those induced by
most members o f the family Closteroviridae (Francki et al., 1985; Brunt et al., 1996).
Many membrane-enclosed circular and oval-shaped vesicles of approximately 50-100
nm in diameter were observed in parenchyma cells (Figure 2.2). A higher magnification
of these vesicles revealed that they all contained densely stained fibrils (Figure 2.3). In
most cases, the vesicles occurred in electron-lucent vacuoles o f various sizes, which
were devoid o f other cytopathic components. In vacuoles, the vesicles often were
aligned in a single row throughout the internal surface, or spread inside of a vacuole.
Both the vacuoles and the vesicles were bounded by single membrane. The number of
vesicles in the vacuoles was variable. The vacuole seemed to be aggregated together at
specific regions in the cytoplasm and these aggregates were double membrane bounded.
Also, the membrane surrounding the area o f vacuole aggregation seemed to be
associated with the nuclear membrane. The side o f the nuclear membrane near the
aggregation proliferated and some parts o f the nuclear membrane were fused with the
membrane surrounding the vacuole (Figure 2.2). Virus-like particles were rarely found
in the cytoplasm, and were not observed in the vesicles.
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Figure 2.1. Electron micrograph o f a thin section of a phloem parenchyma cell of
Ipomoea nil cv. Scarlet O’Hara infected with a whitefly-transmitted isolate of
Sweetpotato chlorotic stunt virus from the cultivar White Bunch. Virus-like particles are
seen in the cytoplasm. CW, cell wall; N, nucleus; Np, proliferated nuclear membrane;
Vp,virus-like particles.
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Figure 2.2. Electron micrograph o f a thin section of a phloem parenchyma cell of
Ipomoea nil cv. Scarlet O’Hara infected with a whitefly-transmitted isolate of
Sweetpotato chlorotic stunt virus from the cultivar White Bunch. Vesicles are
aggregated in the cytoplasm. CW, cell wall; N, nucleus; Np, proliferated nuclear
membrane; Vc, vacuole; Vs, vesicles.
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Figure 2.3. Electron micrograph of a thin section of a phloem parenchyma cell of
Ipomoea nil cv. Scarlet O’Hara infected with a whitefly-transmitted isolate of
Sweetpotato chlorotic stunt virus from the cultivar White Bunch showing vesicles
containing fibrils. DM, double membrane; N, nucleus; Np, proliferated nuclear
membrane; Vc, vacuole; Vs, vesicles.
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2.3.2 Virus-like Particles and Inclusions from the Sweetpotato
Breeding Line W-285
Three different types o f virus-like particles were observed in I. cordatotriloba
that was graft inoculated with scions from W-28S showed leaf curling and vein
yellowing. First, virus-like particles and fibrillar inclusions were observed in the
nucleus of phloem parenchyma cells (Figures 2.4 and 2.5). Crystalline arrangements of
virus particles were not observed. The fibrillar inclusions were approximately 4 pm in
diameter. These structures consisted of fine, densely packed fibrils and contained many
pore-like regions. The size o f these pores was variable. Virus-like particles were not
observed in the fibril body and these bodies were not observed in healthy tissues. These
inclusions, which are similar to those induced by members of the family Geminiviridae,
were not frequently detected in I. cordatotriloba. Twin or geminate particles were not
found in leaf dip preparation or fixed tissues.
Filamentous particles also were observed in the nucleus of vascular parenchyma
cells (Figures 2.6A and 2.6B). Three or more such particles were aggregated into
bundles or many individual particles were scattered through a viroplasm-like area. The
length of individual particles was about 200-270 nm, but the particle length from
bundles was about 120-150 nm. No viral-like inclusion bodies were found in the
cytoplasm. Due to the unusual morphology and appearance of those particles, it was
difficult to determine the virus group.
A third type of particle was observed only occasionally in the nucleus of phloem
parenchyma cells. They were filamentous and aggregated near the nucleoli (Figures
2.7A and 2.7B). These thread-like particles were not found in the cytoplasm. The
23
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Figure 2.4. Electron micrograph of a thin section of a phloem parenchyma cell of
Ipomoea cordatotriloba grafted with a scion from the sweetpotato breeding line W-285.
Aggregated virus-like particles are seen in the nucleoplasm. CW, cell wall; Nm, nuclear
membrane; Vp, virus-like particles.
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Figure 2.5. Electron micrograph o f a thin section of a phloem parenchyma cell of
Ipomoea cordatotriloba grafted with a scion from the sweetpotato breeding line W-285.
A fibril body is shown in the nucleus. CW, cell wall; FB, fibril body; N, nucleus; Nm,
nuclear membrane; No, nucleolus.
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Figure 2.6. Electron micrograph o f a thin section o f a phloem parenchyma cell of
Ipomoea cordatotriloba grafted with a scion from the sweetpotato breeding line W-285.
(A) Aggregation of virus-like particles. (B) Higher magnification o f aggregates of virus
like particles. CW, cell wall; N, nucleus; Nm, nucleus membrane; VA, aggregated
virus-like particles; VI, individual virus-like particles; Vp, virus-like particles.
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Figure 2.6 (continued)
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Figure 2.7. Electron micrograph of a thin sections showing filamentous virus-like
particles in the phloem parenchyma cells of Ipomoea cordatotriloba (A) and /. setosa
(B) grafted with a scion from the sweetpotato breeding line W-285. CW, cell wall; N,
nucleus; No, nucleolus; Vp, virus-like particles.
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Figure 2.7 (continued)
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particle length was about 1,000-1,500 nm. The width o f particles was not determined,
but it was similar to that o f most flexuous-rod viruses.
In general, the cells from infected plants contained nuclei that had a nuclear
membrane that was folded or broken (Figure 2.8). These three different types o f particle
or viral induced inclusion bodies were not observed in noninoculated I. cordatotriloba
or other Ipomoea species examined.
2.3.3

Potyvtrus-Iike Particles and Potyvirus Inclusions

Inclusion bodies, which consisted of bundles, circles, pinwheels, and scrolls,
were observed in tissues (epidermal, mesophyll, and vascular) o f SOH and I. setosa that
were graft inoculated with scions from four selected sweetpotatoes from the field
(Figures 2.9A and 2.9B). However, the loop inclusions, such as those produced by
SPFMV-C (Figure 2.9C), were not observed. In plants infected with SPFMV-C,
pinwheels were also observed in trichomes o f SOH (Figure 2.10). In addition, virus-like
particles might affect the shape o f vacuoles because cytoplasmic strands containing
virus-like particles protruded into the central vacuole (Figures 2.11A and 2.1 IB) and
parallel filamentous particles assumed to be viruses were located along the tonoplast
and extended along the surface o f the vacuole membrane (Figures 2.12A and 2.12B).
Those particles could be incorporated in the cytoplasmic strands that extended into the
central vacuole. Aggregates o f virus and cross sections of virus aggregates were present
throughout the cytoplasm o f cells containing inclusion bodies (Figure 2.1 IB and 2.13).
They were flexuous rods of about 12 nm in diameter and ranged between 500 and 800
nm in length. Virus particles usually occurred in the cytoplasm as aggregates of various
sizes. Occasionally, a few free SPFMV-like particles were also observed (Figure 2.14).
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Figure 2.8. Electron micrograph o f a thin section of a phloem parenchyma cell of
Ipomoea cordatotriloba grafted with a scion from the sweetpotato breeding line W-28S
showing a stressed nuclear membrane. CW, cell wall; Mt, mitochondria; Nm, nucleus
membrane; No, nucleolus.
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Figure 2.9. Electron micrograph o f a thin section of mesophyll tissue showing
cylindrical inclusions in the cytoplasm. (A) Ipomoea nil cv. Scarlet O’Hara infected
with the LSU-1 virus, (B) /. setosa infected with the LSU-5 virus, and (C) I. setosa
infected with the common strain o f Sweetpotato feathery mottle virus. Bd, bundle; Ci,
circle; CW, cell wall; Lp, loop; Mt, mitochondria; Nm, nucleus membrane; PW,
pinwheel; Sc, scroll; Vc, vacuole; Vp, virus-like particles.
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Figure 2.9 (continued)
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0.4 nm

Figure 2.9 (continued)
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Figure 2.10. Electron micrograph o f a thin section of a trichome cell o f Ipomoea nil cv.
Scarlet O’Hara infected with the common strain of Sweetpotato feathery mottle virus
showing numerous cylindrical inclusions in the cytoplasm. Bd, bundle; CW, cell wall;
Lp, loop; Sc, scroll.
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Figure 2.11 Electron micrograph of a thin section of a mesophyll cell of Ipomoea setosa
infected with the common strain of Sweetpotato feathery mottle virus. (A) Virus-like
particles were associated with the plasma membrane. (B) Aggregation of virus-like
particles and malformation o f vacuole. CW, cell wall; Lp, loop; Tp, tonoplast; Vc,
vacuole; Vp, virus-like particles.
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Figure 2.11 (continued)
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Figure 2.12. Electron micrograph o f a thin section of a phloem parenchyma cell of
Ipomoea setosa infected with the common strain of Sweetpotato feathery mottle vims.
(A) Virus-like particles along the tonoplast (B) Higher magnification of these virus-like
particles along the tonoplast Tp, tonoplast; Vc, vacuole; Vp, virus-like particles.
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Figure 2.12 (continued)
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0.4 nm

Figure 2.13. Electron micrograph o f a thin section of a mesophyll cell of Ipomoea
setosa infected with the LSU-4 virus. Ch, chloroplast; Lp, loop; Vc, vacuole; Vp, viruslike particles; Vpc, cross-section o f virus-like particles.
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Figure 2.14. Electron micrograph o f a thin section o f a phloem parenchyma cell of
Ipomoea setosa infected with the common strain o f Sweetpotato feathery mottle virus
showing virus-like particles in the cytoplasm. Bd, bundle; Vc, vacuole; Vp, virus-like
particle.
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Neither inclusion bodies nor particles were found in the cell organelles of infected
plants. Inclusions or abnormal structures were not present in the cytoplasm of cells of
noninoculated plants, except for crystalline inclusions that occurred occasionally in the
nucleus of leaf hairs and trichomes o f healthy SOH (Figure 2.15).
2 3 A Isometric Virus-like Particles from the Sweetpotato cv.
Wagabolige
I. setosa grafted with field collected scions of Wagabolige induced symptoms of
chlorosis, vein banding, mottling, and chlorotic spots. Isometric virus-like particles
were found in the cytoplasm o f companion cells and vascular parenchyma cells (Figures
2.16A and 2.16B). The particles were spherical 40-55 nm in diameter, and most of them
appeared as empty shells with a central cavity (15-25 nm in diameter). Most particles
were aggregated with irregular arrangement in the cytoplasm, and a few particles were
scattered randomly. However, there were groups of 2-4 particles that seem to be
inserted in tubule-like structures, and some of these structures were bounded by single
membrane to form a vesicle. Particles were not observed in some vesicles. Another
cytological change consisted in enlargement of portions of the cell membrane and
fibrillar materials scattered in the periplasm (Figure 2.16A). Similar materials were
scattered around the aggregates o f virus-like particles in the cytoplasm. Virus-like
particles were not found in cell organelles. Viroplasms were not found in the cytoplasm.
2 3 3 Flexuous-rod and Isometric Virus-like Particles from Beach
M orning Glory
Analysis o f thin sections from 7. setosa, showing leaf distortion and crinkling,
after being grafted with scions from beach morning glory, I. pes-caprae, showed two
different virus-like particles. Filamentous virus-like particles were observed in the
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Figure 2. IS. Electron micrograph o f a thin section o f a cell of a glandular trichome from
healthy Ipomoea nil cv. Scarlet O'Hara showing crystalline inclusions in the nucleus.
CrI, crystalline inclusion; EpC, epidermal cell; N, nucleus; TC, trichome cell.
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0.3 nm

Figure 2.16. Electron micrograph o f a thin section o f a companion cell of Ipomoea
setosa grafted with a scion from the sweetpotato cv. Wagabolige. (A) Spherical virus
like particles are present in the cytoplasm. (B) Higher magnification of the spherical
virus-like particles. Some particles were present in a tubule-like structure. CW, cell
wall; FM, fibril material; Pp, periplasm of plasma membrane; Tu, tubule-like structure
containing virus-like partiles; Vc, vacuole; Vp, virus-like particles.
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Figure 2.16 (continued)
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cytoplasm of epidermal and mesophyll cells (Figure 2.17). These particles were found
consistently in tissues from plants showing symptoms and were about 12-16 nm in
diameter and 500 to 1,200 nm in length and usually found aggregated. However, neither
virus-induced inclusions nor cytological changes were observed. The other type of
virus-like particle was spherical, about 90-100 nm in diameter (Figures 2.18A and
2.18B). Some particles were found in the cytoplasm o f mesophyll cells bounded by a
single membrane (Figure 2.18A). Others were found in the stroma o f chloroplasts of
mesophyll cells, and were not membrane bounded (Figure 2.18B).
2.3.6

Inclusions in Noninoculated /. nil cv. SOH

In thin sections of noninoculated SOH plants, crystalline inclusions were found
in the nucleus of epidermal, secretory glands, and parenchyma cells (Figure 2.15).
Those inclusions were rectangular crystals with loose electron-dense centers like an
axis. Some crystalline structures were scissor-like with a diagonal end. These inclusions
were not observed in non-inoculated SOH plants (Figure 2.19).
2.4 DISCUSSION
Pio-Ribeiro et al. (1996) reported the infection of the sweetpotato cultivar White
Bunch with the crinivirus, SPCSV. The cytopathology of SOH infected with SPCSVWB observed in the present study was similar to the typical cellular changes induced by
the members of the family Closteroviridae (Francki et al., 1985; Coffin and Coutts,
1993) and supports the findings of Pio-Ribeiro et al. Cytopathic changes included the
presence of virus particles and vesicles in phloem cells. Sometimes, virus particles
present in sieve element and phloem cells were similar to P-protein, but the occurrence
o f membranous, fibril-containing vesicles in the cytoplasm is the most important
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Figure 2.17. Electron micrograph o f a thin section of a mesophyll cell of Ipomoea
setosa mechanically inoculated with leaves of a beach morning glory (/. pes-caprae)
showing virus-like particles. Ch, chloroplast; Mt, mitochondria; Vp, virus-like particles.
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Figure 2.18. Electron micrograph o f a thin section o f a mesophyll cell o f Ipomoea
setosa mechanically inoculated with leaves of a beach morning glory (/. pes-caprae)
showing virus-like particles. (A) Spherical virus-like particles with a single membrane
in the cytoplasm. (B) Spherical virus-like particles present in the chloroplast G, grana;
N, nucleus; S, stroma; Vc, vacuole; Vp, virus-like particle.
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Figure 2.18 (continued)
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2000 nm

Figure 2.19. Electron micrograph o f a thin section of a phloem parenchyma cell of
healthy I. setosa. CW, cell wall; N, nucleus; Vc, vacuole.
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diagnostic feature of infections by members o f the genus Crinmrus (Franki et a l, 198S;
Coffin and Coutts, 1993).
Based on the presence or absence of vesicles, there are two different subgroups
within the family Closteroviridae. Subgroup I induces vesicles and subgroup II does not
(Coffin and Coutts, 1993). Most member o f the genus Crinivirus belong to the subgroup
I, and they induce vesicles containing fibrils, which have been suggested to be virusspecific RNA (Franki et al., 1985). These vesicles are referred to BYV {Beet yellow
virus) type (Larsen et al., 1991; Coffin and Coutts, 1993). The origin of the BYV-type
vesicles has not been explained because o f the lack o f association with any particular
cell organelle (Larsen et al., 1991; Esau and Hoefert, 1981). In the case of Diodia vein
chlorosis virus (DVCV), Larsen et al. (1991) suggested that the vesicles associated with
this closterovirus were derived from the vacuole membrane. In addition, mitochondrial
involvement in the origin o f virus-induced vesicles associated with closterovirus-like
particles has been reported for grapevine leaf roll disease (Kim et al., 1989). Vesicles in
infected plants with SPCSV are formed apparently by invagination or budding of a
small portion of the vacuole membrane into the lumen (Winter et al., 1992). According
to results o f this investigation, vesicles and vacuoles associated with the SPCSV-WB
appear to be associated with the nuclear membrane. Therefore, it appears that virusinduced vesicles associated with infection of some members of the Closteroviridae have
various origins depending upon the particular virus. If so, it would then be possible to
use the involvement o f cell organelles as diagnostic indicators for the classification o f
members within this family. Although the SPCSV-WB belongs to member o f the
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Crinivirus, it may be a distinct viral group because the vesicles induced by this isolate
associated with nuclear membrane.
Fibril bodies were found in the nucleoplasm o f I. cordatotriloba cells infected
with one o f the viruses obtained from the sweetpotato breeding line W-285. They were
similar to those induced by Bean golden mosaic virus (BGMV) and other members of
the family Gemmiviridae (Kim and Flores, 1979; Lastra and Gil, 1981; Francki et al.,
1985). Virus-like particles occurred only in the nucleus and appeared as numerous
clumps or aggregates o f virus-like particles. The geminivirus nature o f these virus-like
particles was confirmed by Lotrakul et al. (1998 and 1999). The morphology o f the
fibril bodies was different from fibril ring-shape inclusions that had been described as a
diagnostic feature for whitefly-transmissible geminiviruses (Francki et al., 1985). Based
on the results o f this investigation and Lotrakul et al. (1998 and 1999), the geminivirus
infecting W-285 could belong to a new group of the Gemmiviridae inducing different
fibril ring structures in the nucleus and having unique molecular properties.
Other I. cordatotriloba tissue that was graft inoculated with W-285 contained
short and curved-rod shaped particles in the nucleus. As previously noted, the finding of
virus particles in the nucleus was a good indication that the virus may belong to a DNA
virus group. Among the DNA plant viruses, the ultrastructure o f plant tissues infected
with members of the family Gemmiviridae and Caulimoviridae have been extensively
studied (Kim et al, 1978; Brunt et al, 1996; Franki et al, 1985). The presence o f virus
particles in the nucleus is related to the location and mode of viral replication (Kong et
al., 2000). The short-curved particles may not be a member o f the family Gemmiviridae
or Caulimoviridae, since their morphology was different The Badnaviridae is another
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DNA plant virus, group with virions that are bacilliform in shape, 25-35 nm in
diameter, 140-400 urn in length, without an envelope (Brunt et al, 1996; Franki et al,
1985). The virus-like particles found in I. cordatotriloba were shorter in length than that
o f the known badnaviruses. Yamashita et al. (1984) reported the infection of
sweetpotato by a badnavirus in Japan named Sweetpotato leafcarl virus (a name that
conflicts with SPLCV). They described a virion o f 18 nm in width and 80-200 nm in
length, found in both the nucleus and the cytoplasm o f infected cells. The virus-like
particles reported here occurred only in the nucleoplasm. However, the virion shape and
size were similar to the badnavirus described in Japan. It is likely that the short and
curved-rod shaped particles found in I. cordatotriloba belong to a member of the
Badnaviridae based on morphology of the virus-like particles and the location within
the cell.
Virus particles of two closteroviruses, BYV and Nandida stem pitting virus
(NSPV) have been reported to be present both in the cytoplasm and in the nuclei of
infected plants (Brunt et al., 1996; Francki et al., 1985; Ahmed et al., 1983). However,
these two viruses can be differentiated with the type of inclusions they induce. Instead
o f BYV-type vesicles, NSPV forms unique tubular-coil structures in the cytoplasm,
which are probably composed of virus particles (Franki et al., 1985). The thread-like,
long and flexuous-rod shaped virus-like particles found in the nuclei o f /. setosa plants
grafted with W285 could belong to a member o f the family Closteroviridae. Virus-like
particles were occasionally found in the nuclei, but not in the cytoplasm o f infected
plants. However, other cytological changes commonly found in infections by members
o f the Closteroviridae such as, vesicles, proliferation o f the endoplasmic reticulum, or
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fibrils and vesicles in the mitochondria were not observed (Franki et al., 1985; Ahmed
et al., 1983). Therefore, these virus-like particles could belong to a member of new
virus group, but further studies such as serology, vector transmission, and virus
purification have to be conducted in order to confirm this.
Cytopathology studies using the electron microscope have been useful to
diagnose infections by potyviruses. Viruses of the family Potyviridae induce various
types of virus associating inclusions in the cytoplasm of host plants. Those inclusions
include bundles (longitudinal sections of cylindrical inclusions), scrolls (appear as
circles or coils in cross sections), loops (cylindrical inclusions, not organized into
pinwheels and bundles), pinwheels (cross-sections of cylindrical inclusions), tubes
(scrolls in longitudinal-section), and laminated aggregates (Franki et al. 1985;
Edwardson and Christie, 1996). Cylindrical inclusions have been observed in all kind of
plant cell tissues including epidermal, mesophyll, and vascular bundles, but they occur
more frequently in epidermal and mesophyll cells (Edwardson and Christie, 1996).
Hence, the occurrence o f those inclusion bodies in plant cells confirms that the host
plants are infected with members o f the family Potyviridae. However, there are two
exceptions, Sweetpotato mild mottle virus (SPMMV) (Hollings et al, 1976) and
Sweetpotato yellow dwarfvirus (SPYDV) (Brunt et al, 1996; Clark and Moyer, 1988)
are two whitefiy-transmissible viruses that induce cylindrical inclusions in sweetpotato.
Most viruses obtained from the field-collected sweetpotatoes induced various
types of cylindrical inclusions. These inclusions were found frequently and easily. It is
possible that the source o f cylindrical inclusions in the plants examined were the result
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o f infections by various strains of SPFMV, since this virus is very common in the
United States (Clark and Moyer, 1988). Also, based on ELISA assays for SPFMV,
almost all o f field-collected samples reacted positively with polyclonal antiserum to
SPFMV-SRC (C. A. Clark, personal communication). All types o f cylindrical inclusion
were found and they consisted of pinwheels, bundles, loops, scrolls, and short usually
curved laminated aggregates. Edwardson and Christie (1996) classified potyviruses
according to the type o f cylindrical inclusions induced, and SPFMV induced all types of
cylindrical inclusions, including loops.
In the case o f selected LSU viruses (LSU-l, LSU-3, LSU-4, and LSU-5),
cylindrical inclusions were found rarely in infected 7. setosa, and the type of inclusions
was different than those reported to occur in SPFMV-infected plants. Cells of plants
infected with these viruses contained bundles, pinwheels, and scrolls, but loops were
not found. In comparison o f cylindrical inclusions induced by SPFMV-C and selected
LSU viruses, the types of cylindrical inclusions and frequency were different
Therefore, the LSU viruses may be different strains of SPFMV, or they may be distinct
members o f the Potyviridae inducing different types of inclusions from SPFMV.
Cylindrical inclusions were not found in plants infected with LSU-2.
Several other viruses of the genus Potyvirus that infect sweetpotatoes have been
reported; Sweetpotato vein mosaic virus (SPVMV) from Argentina, Sweetpotato latent
virus (SPLV) from Taiwan, and Sweetpotato virus G (SPVG) from China (Brunt et al.,
1996; Clark and Moyer, 1988; Edwardson and Christie, 1996). Therefore, it is possible
that a distinct potyvirus, or mixed infections o f potyviruses could be inducing the
inclusions found in cells o f plants infected with the LSU viruses. Further analysis of the
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LSU viruses will be necessary to determine their identity, using tests such as serology
and PCR followed by sequencing.
Caulimovirus particles occur both in the cytoplasm and nucleus, and amorphous
viroplasms containing virus particles can be observed in the cytoplasm (Conti et al.,
1972; Franki et al., 1985). Caulimovirus like-particles, 40-55 nm in diameter similar to
those observed by Atkey and Brunt (1987), were found only in the cytoplasm of cells o f
I. setosa inoculated with scions o f Wagabolige. The particles were spherical with
electron-lucent centers of about 20 nm in diameter. These virus-like particles were
similar to that of a caulimovirus found in sweetpotato from Peru (L. F. Salazar, personal
communication). In a number o f cases, caulimovirus particles have been observed
occasionally inside plasmodesmata (Franki et al., 1985), and it has been proposed that
the virus is transported from cell to cell through plasmodesmata. Even though,
plasmodesmata containing virus-like particles were not found in the examined tissues,
the tubule-like structures found in this investigation could be involved in virus transport
(Figure 2.16A). It is possible that these tubule-like structures could have originated
from the plasma membrane, or were parts of plasmodesmata pulled out from the plasma
membrane during the virus movement Although the virus-like particles may belong to
a caulimovirus because o f the morphology, more tests such as aphid transmission, PCR,
and analysis of nucleic acids are necessary to confirm this.
Two types o f virus-like particles were found in tissues of /. setosa mechanically
and graft inoculated with the diseased beach morning glory, spherical and rod shaped.
The flexuous-rod shaped virus-like particles were o f approximately 12-14 nm in width
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and 500-1,000 nm in length. Some particles were up to 1,200 nm in the length. The cells
did not contain viral induced inclusions. Viruses o f the family Closteroviridae have
maximum modal length, up to 2,200 nm, are not mechanically transmitted, and some
members induce BYV-type vesicles (Brunt et al., 1996). The cells observed from
infected plants did not contain BYV-type vesicles, and infected plants did not show the
yellowing symptoms typically induced by members of the Closteroviridae (Brunt et al.,
1996). The information regarding the morphology, cytopathology, and symptoms
associated with this filamentous particle were not sufficient to determine the virus
group. However, this virus was mechanically transmitted, and induced symptoms
including leaf crinkling on I. setosa. Therefore, it is possible that it could be a
previously unreported virus. Further studies including host range, serology, vector
transmission, virus purification, and analysis of nucleic acids are needed to determine
the identity of this virus(es).
The spherical virus-like particles found in tissues o f /. setosa mechanically
inoculated with the beach morning glory sample were of about 90-100 nm in diameter.
Some consisted of membrane-bounded spherical particles found in the cytoplasm, while
others were not membrane-bounded and were present inside the chloroplast It was not
clear whether the cell organelle membrane bounded the virus-like particles. If the
spherical particles were assembled inside chloroplasts, these particles could be
membrane-bounded during budding out from the chloroplast These membranebounded spherical virus-like particles in the cytoplasm were similar to those reported in
plants infected with Tomato spotted wilt virus (TSWV), except that TSWV particles are
normally grouped as two or more within the cytoplasmic membranous cistemae
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(Francki and Hatta, 1981). In the case of the spherical beach morning glory virus, single
particles were membrane-bounded. Only rod shaped virus-like particles and virus-like
phytoferretin have been reported in the chloroplast (Francki et al., 1985). The spherical
virus-like particles found in the chloroplast of /. setosa are larger than the virus-like
phytoferretin. As in the case of the flexuous rod shaped virus-like particles, further
studies are needed in order to determine the identity o f the virus(es) from beach
morning glory.
Tobaco etch virus (TEV) induces cytopathic changes consisting of crystalline
inclusions in the nucleus of host cells (Franki and et al., 1985). The crystals in the
nucleus of healthy I. nil and I. aqvatica examined in this study were similar to those
caused by an infection with TEV. However, there have been previous reports of similar
inclusions in healthy Ipomoea species (Weintraub et al., 1968). The possibility that the
crystals found in the nuclei of /. nil could be caused by a seed-borne virus prevalent in
Ipomoea species, but not transmissible mechanicaly, by grafting, or vectors cannot be
eliminated. This finding is important to avoid false diagnosis using transmission
electron microscope.
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CHAPTER 3. SOME PROPERTIES OF A CRINIVIRUS INFECTING THE
SWEETPOTATO HEIRLOOM CULTIVAR WHITE BUNCH
3.1 INTRODUCTION
Several groups o f viruses have been identified as causal agents of disease in
sweetpotato {Ipomoea batatas (L) Lam.) (Clark and Moyer, 1988; Moyer and Salazar,
1989; Fuentes et al., 1996). The sweetpotato virus disease (SPVD) was described by
Schaefers and Terry in 1976 in Nigeria. The etiology o f this disease has been elucidated
and it has been reported from different countries (Feo et al., 2000; Gibson et al., 1998;
Chavi et al., 1997). SPVD was shown to be caused by a dual infection of the aphidborne potyvirus Sweetpotato feathery mottle virus (SPFMV), and the whitefly-bome
crinivirus Sweetpotato chlorotic stunt virus (SPCSV) (Schaefers and Terry, 1976;
Aritua et al., 1998; Karyeija et al., 1998). SPFMV is transmitted non-persistently by
several aphid species (Aritua et al., 1998; Alicai et al., 1999; Karyeija et al., 1998) and
occurs worldwide wherever sweetpotato is grown (Clark and Moyer, 1988; Aritua et al.,
1998). SPCSV is transmitted semi-persistently by Bemisia tabaci and Trialeurodes
abutilonea (Sim et al., 2000; Aritua et al., 1998; Gibson et al., 1998; Winter et al.,
1992). In Africa, SPVD is the most serious and important disease of sweetpotato
(Karyeija et al., 1998), and affected plants commonly produce a yield less than half of
that of symptomless plants (Alicai et al., 1999; Karyeija et al., 1998). Symptoms of
SPVD vary with plant genotype, but typically include stunted plants and distorted,
narrow (strap-like), and crinkled leaves with chlorotic mosaic and/or vein clearing,
giving affected plants an overall pale appearance (Alicai et al., 1999; Gibson et al.,
1998). Also, indicator plants, such as I. setosa, develop stunting of the main stem and
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leaves, general chlorosis, narrow and strap-like leaves and mosaic when graft inoculated
with a scion from a diseased sweetpotato plant
SPCSV was formerly known as Sweetpotato sunken vein virus (SPSW ) (Cohen
et al., 1992; Alicai et al., 1999). In the United States, this virus had been detected only
once, from the sweetpotato cultivar White Bunch, an heirloom cultivar from the USDA
Plant Genetics Resources Unit at Griffin, GA (Pio-Ribeiro et al., 1996). It is not known
how or where this cultivar might have become infected with SPCSV.
SPCSV belongs to the genus Crinivirus o f the family Closteroviridae and has
flexuous, long filamentous particles (700 to 1,200 nm) with a bipartite positive single
stranded RNA genome (Brunt et al., 1996; Coffin and Coutts, 1993; Wisler et al., 1998).
When compared to the genus Closterovirus, which are monopartite and aphidtransmitted, Crinivirus contains members with a relatively short particle length. The
two genera have a few common features, which include the phloem-limited nature o f
the infection, induction of foliar yellowing on the host plants, induction of fibrilcontaining vesicles in phloem cells, and the cross-banding appearance o f the virus
particle (Coffin and Coutts, 1993; Wisler et al., 1998, Francki et al., 1985). All
members o f the family Closteroviridae contain a highly conserved homologue sequence
of the heat shock protein 70 (HSP70) gene in their genomic RNA (Dolja et al., 1994;
Alicai et al., 1999). Also, most members induce the BYV {Beet yellow v/rus)-type
vesicles containing fibril, exceptions being Apple stem pitting virus and Grapevine A
virus (Francki et al., 1985; Wisler et al., 1998; Coffin and Coutts, 1993).
Various isolates o f SPCSV have been reported from different geographical
locations (Alicai et a l, 1999; Cohen et al., 1992; Feo et al., 2000; Gibson et al., 1998;
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Pio-Ribeiro et al., 1996; Winter et al., 1992). Two different serotypes, an East African
(isolates from Uganda and Kenya) and non-East African (isolates from Nigeria, Israel,
and the United States) have been reported (Alicai et al., 1999; Hoyer et al., 1996; Vetten
et al., 1996). SPCSV is not serologically related to another whitefly-transmitted
crinivirus that infects lettuce (Lettuce infectious yellows virus, LIYV) (Hoyer et al.,
1996). Moreover, the sequence of the conserved homotogue HSP70 gene of LIYV
differs from that of SPCSV (Alicai et al., 1999). SPCSV belongs to the genus Crinivirus
o f the family Closteroviridae and has flexuous, long filamentous particles (700 to 1,200
nm) with a bipartite positive single-stranded RNA genome (Brunt et al., 1996; Coffin
and Coutts, 1993; Wisler et al., 1998).
From an ongoing survey for sweetpotato viruses in the United States, symptoms
consisting of vein clearing, severe leaf distortion and deformation, and stunting were
observed on /. setosa graft inoculated with scions from field-collected sweetpotatoes
from different locations in the United States (R. A. Valverde and C. A. Clark, personal
communication). Two different serotypes, an East African (isolates from Uganda and
Kenya) and non-East African (isolates from Nigeria, Israel, and the United States) have
been reported (Alicai et al., 1999; Hoyer et al., 1996; Vetten et al., 1996). These
symptoms were similar to those caused by mixed infections of SPFMV and SPCSV,
and also similar to those reported for SPVD (Gibson et al., 1998; Aritua et al., 1998).
The purpose of this investigation was to determine some biological and
molecular properties o f an isolate o f SPCSV from White Bunch and to develop
detection methods, also to determine if samples from field-collected sweetpotatoes were
infected with SPCSV.
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3.2 MATERIALS AND METHODS
32.1 Virus Isolates and Host Plants
The sweetpotato cultivar White Bunch was obtained from the USDA Plant
Genetics Resources Unit at Griffin, GA, propagated by cuttings and maintained in
screen cages in a greenhouse. Since I. aqvatica is not host for most strains of SPFMV
(C. A. Clark, personal communication), shoots from White Bunch were grafted onto I.
aquatica, and infected I. aqvatica was then grafted onto I. nil cv. Scarlet O’Hara (SOH)
or I. setosa to obtain SPCSV free o f SPFMV. From these source plants, a single
whitefly-transmitted isolate of SPCSV from White Bunch (SPCSV-WB) was obtained
and used in further experiments. The sweetpotato cultivar Beauregard was graft
inoculated with SPCSV-WB alone and together with SPFMV. Also, Nicotiana
benthamiana infected with SPCSV-WB was used in some experiments.
Scions from selected field-collected sweetpotato samples designated as 6SR, 971,99-18,99-19,99-23,99-27,99-34,99-37,99-38,99-39,99-40,99-41,99-43,99-44,
99-45,99-46, and Fontenot were grafted to I. setosa. These samples were selected
because appropriate-sized products were produced in preliminary RT-PCR tests with
primers for the homologue HSP70 gene.
3 2 2 Whitefly Transmission
Two whitefly species, the sweetpotato whitefly, B. tabaci biotype B, and the
bandedwinged whitefly, T. abutilonea, were used for vector transmission experiments.
Whitefly colonies were reared on cotton plants in plexiglass cages in the laboratory.
Groups o f 5,10,20, and 30 sweetpotato whiteflies were used for transmission
experiments using White Bunch as an acquisition host Single sweetpotato whiteflies
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and single bandedwinged whiteflies were used to evaluate their transmission efficiency.
Four independent tests were performed with each whitefly species. Non-viruliferous
whiteflies were given 2-day acquisition periods, then the viruliferous whiteflies were
placed on individual healthy 5- to 7- day-old SOH seedlings for a 2 day inoculation
period. Plants were then sprayed with the systemic insecticide imidacloprid, and placed
in the greenhouse. Symptoms were recorded 10 to IS days after inoculations. Leaves
from both symptomatic and non-symptomatic plants were used for RT-PCR to test for
the presence of SPCSV-WB. Groups of approximately 50 B. tabaci biotype B were
used in attempts to transmit SPCSV from two of the selected field-collected
sweetpotatoes (99-18 and 99-19) suspected to be infected with SPCSV.
3.2.3 Electron Microscopy
Tissue samples (veins with adjacent mesophyll) from SOH infected with
SPCSV-WB were fixed for electron microscopy as described in Chapter 2 .1, setosa
grafted with scions from field-collected sweetpotatoes, 99-18,99-19, and Fontenot,
which were showing foliar chlorosis, leaf distortion, leaf malformation, and yellowing
also were fixed for electron microscopy studies.
3.2.4 Isolation of dsRNA
Two different hosts, I. setosa and N. benthamiana, infected by SPCSV-WB or I.
setosa grafted with scions from field-collected sweetpotatoes, 99-18,99-19,99-22,9927, and 99-41 were used in dsRNA extraction experiments. Noninoculated plants were
used as controls. The dsRNA extraction was done essentially as described by Valverde
et al. (1990), Dodds et al. (1984), and Morris et al. (1983) with some modifications.
Extracted dsRNA was treated with DNase I and S1 nuclease (Livieratos et al., 1999;
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Sambrook et al., 1989). Leaf tissues (3.5 g) were ground in liquid nitrogen with a
mortar and pestle, and homogenized in 8 ml of IX STE (10X STE; 100 mM NaCl, 50
mM Tris, and 1 mM EDTA, pH 7). The homogenates were mixed with 9 ml of IX STEsaturated phenol, 1 ml of 10 % (w/v) SDS, and 0.5 ml of 2 % (w/v) Bentonite. The
tissue mixtures were shaken vigorously for 30 min at room temperature, and centrifuged
with SS-34 rotor (Du Pont, Wilmington, DE) at 8,000 g for 25 min at 4°C. The upper
aqueous phase (10 ml) was collected, then mixed well with 2.1 ml o f 95 % EtOH. A
mixture o f 1 g o f Whatman CF-11 cellulose (Whatman, Clifton, NJ) and 25 ml of IX
STE containing 16 % EtOH were poured into the barrel o f a 25 ml syringe to prepare a
cellulose column. The sample extracts were poured into the column and washed with 40
ml o f IX STE containing 16 % EtOH (v/v). After the sample was drained completely,
10 ml o f IX STE were added, and after passage through the column collected in a 50 ml
tube. To the 10 ml o f elute, 2.1 ml o f 95 % EtOH were added. After two cycles of
column chromatography, 6 ml of the IX STE containing dsRNA were collected, and 0.5
ml o f 3.0 M sodium acetate (pH 5.5) and 20.0 ml of 95 % o f EtOH were added to each
sample. Samples were kept overnight at -20°C and then centrifuged at 8,000 g with a
SS-34 rotor (Du Pont, Wilmington, DE) for 25 min, at 4°C. The ethanol was poured off
and the tubes placed upside down to drain. The dsRNA pellets were dissolved in four
hundred microliters o f ddHjO. The dsRNA samples were stored at -20°C. Thirty
microliters o f each dsRNA sample was analyzed by electrophoresis in a 1.2 % agarose
gel, in IX TBE buffer (5X TBE; 40 mM Tris, 40 mM Boric Acid, 2 mM EDTA pH 8.0)
for 1 h at 100 V.
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3.2.5 Total RNA Extraction
Total RNAs were extracted from healthy and SPCSV-WB infected plants using
TRIzol Reagent (Life Technologies, Inc., Grand Island, NY). Infected plants included I.
setosa, SOH, and N. benthamiana. Total RNAs from I. setosa grafted with scions from
field-collected sweetpotatoes were included in the extractions. Infected leaf tissues (0.1
g) were ground to a fine powder in liquid nitrogen with a mortar and pestle, and
homogenized in 1 ml o f TRIzol Reagent (1 ml per 100 mg of sample) and 20 pi o f pmercaptoethanol. After vigorously vortexing for 15-20 sec, the homogenates were
incubated at 56°C for 5 min, and centrifuged at 12,000 g, 4°C for 10 min. The aqueous
phase was incubated at room temperature for 5 min. Two hundred microliters of
chloroform were added and incubated at room temperature for 2 to 3 min, then
centrifuged at 12,000 g, 4°C for 15 min. The upper aqueous phase was collected, 250 pi
o f isopropyl alcohol and 250 pi of salt mixture (0.8 M sodium citrate, 1.2 M sodium
chloride) were added to the solution. Total RNAs in the solution were precipitated by
centrifugation at 12,000 g, 4°C for 10 min. Precipitated total RNAs were washed with 1
ml o f 75 % EtOH, then disolved in 50 pi of DEPC treated water (Ambion, Austin, TX)
and used as template for RT-PCR assays and in northern hybridization studies.
3.2.6 RT-PCR
The dsRNA and total RNA extracts were used in RT-PCR detection using
specific primers for the homologue of the heat shock protein 70 (HSP70) and the coat
protein (CP) genes of SPCSV. Primers for the HSP70 (HSP70A; 5’GCAGCAGAAGGCTCGTTTAT-3 ’ and HSP70B; 5’ATCGGCGTATGTTGGTGGTA-3’) were positioned in regions conserved within the
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genus Crinivirus (Winter et aL, 1997; Alicai et al., 1999), and amplify a DNA fragment
ofabout450bp.
Ten microliters o f total RNA or dsRNA were added to 2 pi of 10 mM HSP70A
primer, and the mixture was denatured at 99°C for 5 min. Primed RNAs were used for
first-strand cDNA synthesis in a master mixture containing 200 units of MoloneyMurine Leukemia Virus reverse transcriptase (Promega, Madison, WI) and 2 pi o f 10
mM dNTPs. cONA synthesis was performed at 42°C for 40 min. The cDNA was used
for PCR amplification. For PCR amplification, 5 units of Taq DNA polymerase, 4 pi of
SO mM MgCh, and 2 pi o f 10 mM HSP70B were added to master mixtures (100 pi of
final volume). The cDNA template was denatured at 9S°C for 5 min. Amplification was
performed for 32 cycles o f 1 min at 95°C, 1 min 30 sec at 50°C, and 2 min at 72°C, with
a final extension step at 72°C for 10 min. The PCR products were separated in a 1.2 %
agarose gel electrophoresis at 100 V for I h.
For the amplification o f the CP gene o f SPCSV-WB, two different sets of
primers were used. Primer set A (CPA1; 5 ’-TATATGAAAATATAGTTC-3 ’ and
CPA2; 5’-CGTCTAGATTGTTAGAAA-3’) used by Alicai et al. (1999), positioned in
nucleotides 1-18 and 1165-1182 respectively amplify a DNA of 1182 bp. Primer set B
(CPB1; 5’-CATCTGCAGTCGTCGCCATGTC-3’ and CPB2; 5’GACTCTGACTCCGATGTAGGTTTC-3’) positioned in nucleotides 236-259 and 845867 respectively was designed using the RNA sequence o f coat protein gene o f the East
African isolate serotype 2 o f SPCSV (AJ010769 from the GenBank database) and
amplify a DNA o f 631 bp. The master mixtures used were as with the homologue
HSP70 gene amplification. However, the cycle for amplifications was performed as
66

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

reported by Alicai et al. (1999). cDNA was synthesized at 42°C for 40 min, then the
template cDNA was denatured at 9S°C for 5 min. Amplification was performed for 30
sec at 95°C, 45 sec at 42°C for first 3 cycles and at 55°C for 32 cycles,
and 2 min at 72°C, with a final extension step at 72°C for 10 min.
3.2.7

Cloning of RT-PCR Products and Sequence Analysis

PCR-amplified products were isolated from agarose gels using the ultraclean
DNA purification kit (Mo Bio Laboratories, Solana Beach, CA) and ligated into pGEMT vector (Promega, Madison, WI) according to the manufacturer’s instructions.
Recombinant plasmids were transformed into competent cells (Escherichia coli strain
DHSa) using the heat shock procedure at 42°C for 60 sec. Then, the recombinant
colonies were selected by cultivating in 20 mg/mL o f X-gal and 100 mg/ml of
ampicillin on Luria-Bertani (LB; 10 g Bacto Tryptone, 5 g Bacto Yeast Extract, 10 g
sodium chloride, pH 7.0 in 1L distilled water) agarose plates. The plasmids were
purified using a plasmid minipreparation method (Sambrook et al., 19S9). The
recombinant plasmids were confirmed by Pst I and Sal I digestion o f pGEM-T.
Sequences of SPCSV-WB homologue HSP70 and CP genes were determined by
automated sequence analysis at the DNA Sequencing Core Laboratory, University of
Florida, Gainesville, FL (ABD77 DNA sequencer, Perkin Elmer, Foster City, CA). At
least two replicate clones from independent PCR reactions were sequenced to minimize
any error caused by Taq DNA polymerase (Lotrakul et al., 2000). Derived amino acid
sequences of SPCSV-WB homologue HSP70 and CP genes were obtained using the
Translate program (ExPASy molecular biology server, Swiss Institute of
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Bioinformatics, Geneva, Switzerland). The nucleotide and derived amino acid
sequences were compared to their counterparts from East and West African isolates of
SPCSV. Multiple sequence alignment o f nucleotides was carried out using version 1.7
of the CLUSTAL W program (Thompson et al., 1994). Percent identities were
determined using the equation: 100 X {sum of matching residues divided by [length gap residues (sequence 1) - gap residues (sequence 2)]} (Lotrakul et al. 2000). Derived
amino acid sequences were aligned using Alignment program (CLUSTAL W of
ExPASy molecular biology server Swiss Institute of Bioinformatics, Geneva,
Switzerland). Percent identity and similarity of derived amino acids sequences were
obtained with the same program. SPCSV sequences used in sequence comparisons are
listed in the Gen Bank database under the following accession numbers: for homologue
HSP70 gene, serotype I of East Africa (EA) isolate SPCSV (AJ010914), serotype 2 of
EA isolate SPCSV (AJ010927), and West Africa (WA) isolate SPCSV (AJ278652), for
CP gene, serotype 1 of EA isolate SPCSV (AJ010754) and serotype 2 o f EA isolate
SPCSV (AJ010768).
3.2.8

Dot Blot Assays

Approximately 1 mg plasmid containing the homologue HSP70 gene of SPCSVWB was linearized by digestion with restriction enzymes (Apa I or Pst I), and used as
template for synthesis o f the RNA probe. The probe was labeled with Digoxigenin
(DIG) and in vitro transcribed using the MAXIscript™ Kit (Ambion, Austin, TX) and
DIG-UTP (Boeringer Manheim, Indianapolis, IN). The transcription reaction was
conducted according to the manufacturer’s instructions (Ambion, Austin, TX). One
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microgram of DNA template (1 pi), 2 pi o f 10X transcription buffer, 3 pi of 10 mM
each ATP, CTP, and GTP, 1 pi o f DIG-UTP, and 2 pi of SP6 or T7 RNA polymerase
were added to a 500 pi tube. Then nuclease-free (IH2O was added to make 20 pi o f final
volume. The reaction mixture was incubated at 37°C for 2 h. The yield and identity of
each transcription were evaluated with 1.2% agarose gel electrophoresis and compared
to a standard marker (XDNA digested with EcoR I and Hind m). DIG-RNA transcribed
by SP6 or T7 RNA polymerase was used to probe blots containing total RNA extracts
o f /. setosa grafted with scions from selected field-collected samples.
Hybridization and detection of DIG-UTP were performed following the
manufacturer’s instructions (Boeringer Manheim) with some modifications (Harper and
Creamer, 1995; Saldarelli et al., 1996; Sambrook et al. 1989). For the blotting of total
RNA extracts, a positively charged nylon membrane was immersed in 10X SSC
solution (20X SSC; 3 M sodium chloride, 0.3 mM sodium citrate, pH 7.0) for 15 min.
The membrane was spotted with 20 pi of total RNA obtained from the total RNA
extractions using a Bio-Dot Microfihration Apparatus (Bio-Rad, Hercules, CA) and
baked at 80°C for 2 h to fix the nucleic acids. After 1 h o f pre-hybridization in the Easy
Hybridization Solution (15 mL/100 cm2) (Boeringer Manheim) at 55°C, the membrane
was hybridized with approximately 100 ng o f heat-denatured (in boiling water for 10
min) DIG-RNA probe per ml at 55°C, overnight
After hybridization, the membrane was washed twice in 2X SSC plus 0.1 %
SDS (sodium dodecyl sulfate, w/v) at room temperature for 5 min and twice in 0. IX
SSC plus 0.1 % SDS at 55°C for 15 min. The membrane was washed briefly in washing

69

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

solution [maleic acid buffer (0.1 M maleic acid and 0.15 M sodium chloride, adjusted to
pH 7.5 at 20°C with solid NaOH) plus 0.3 % (v/v) Tween 20] at room temperature for 5
min. Then, the membrane was blocked in the same buffer containing 10 mg o f blocking
reagent (Boeringer Manheim) per ml at room temperature for 30 min. The blocked
membrane was incubated in blocking solution containing 0.1 units per ml o f antidigoxigenin antibody conjugated with alkaline phosphatase (Boeringer Manheim) at
room temperature for 30 min. The immune-reacted membranes were washed twice in
washing solution at room temperature for 15 min and equilibrated in detection buffer
(0.1 M Tris-Hydrochloride, 0.1 M sodium chloride, pH 9.5 at 20°C) at room
temperature for 5 min.
Chemiluminescent detection was done by placing the equilibrated membrane
with 1 ml/100 cm2 of chemiluminescent substrate CSPD diluted 1:100 in detection
buffer (Boeringer Manheim) at room temperature for 5 min, then excess liquid was
eliminated. The membrane sealed in a clear saran wrap was incubated at 37°C for 10
min, and exposed to X-Ray film (X-Omat made by Eastman Kodack Company,
Rochester, NY) for 1 to 2 h or overnight, depending upon the intensity of the signal.
3 3 RESULTS
33.1 Host Reaction
The sweetpotato cultivar Beauregard did not show symptoms after single
infection with SPCSV-WB, but it reacted with leaf malformation and mosaic when
inoculated with both SPCSV-WB and SPFMV-C (Figure 3.1 A). Graft inoculations with
scions from White Bunch did not induce symptoms on I. aqvatica. However, SOH
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Figure 3.1. Symptoms induced by a whitefly-transmitted isolate of Sweetpotato
chlorotic stunt virus (SPCSV-WB) from the sweetpotato cv. White Bunch. (A)
Sweetpotato cultivar Beauregard infected with SPCSV-WB and the common strain of
Sweetpotato feathery mottle virus (SPFMV-C), (B) Ipomoea nil cv. Scarlet O’Hara
infected with SPCSV-WB, (C) Nicotiana benthamiana infected with SPCSV-WB, (D)
/. setosa graft inoculated with SPCSV-WB and SPFMV-C.
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grafted with scions from SPCSV-WB infected I. aquatica reacted with symptoms o f
interveinal chlorosis and downward leaf rolling (Figure 3. IB). This suggests that /.
aquatica is a symptomless host These symptoms were identical to symptoms induced
on SOH after successful whitefly transmissions o f SPCSV-WB. Similarly, N.
benthamiana reacted with foliar interveinal yellowing after inoculations with whiteflies
(Figure 3.1C). Occasionally, only a very mild chlorosis was observed on I. setosa.
However, I. setosa reacted with leaf malformation, mosaic, and stunting when graft
inoculated with both SPCSV-WB and SPFMV-C (Figure 3. ID).
Symptoms of stunting, yellowing, and leaf malformation (shoe stringing or leaf
narrowing), were observed on I. setosa after graft inoculations with scions from the
field-collected sweetpotato samples (6SR, 99-18,99-19,99-22,99-41, and Fontenot).
These symptoms were similar to those induced on this host by a mixed infection of
SPCSV and SPFMV.
3.3.2

Whitefly Transmission

SPCSV was transmitted by the two whitefly species tested, B. tabaci biotype B
and T. abutilonea. Infected SOH plants reacted with symptoms of foliar yellowing,
interveinal chlorosis, and leaf curl. A summary of the transmission results is shown in
Table 3.1. Transmission rates by single whiteflies are shown in Table 3.2. Lower
transmission rates were obtained with T. abutilonea (3.2 %) compared with B. tabaci
biotype B (15.2 %). Generally, initial symptom development began about 15 to 20 days
after whitefly transmission exposures. To confirm the transmission o f SPCSV-WB, RTPCR was performed with all symptomatic and randomly selected symptomless plants
from the single whitefly transmission experiments using the HSP70 primers. All
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Table 3.1. Transmission o f Sweetpotato chlorotic stunt virus from the sweetpotato cv.
White Bunch by the sweetpotato whitefly (Bemisia tabaci biotype B) after 2-day
acquisitionAand transmission6 feeding periods
Whiteflies per plant
5

Infected plantsc / Plants tested
5 /5

10

5 /5

20

5 /5

30

3 /3

More than 30

5 /5

A, Acquisition hosts was sweetpotato cv. White Bunch.
B, Transmission hosts was Ipomoea nil cv. Scarlet O’Hara.
C, Plants showed symptoms of interveinal chlorosis and downward leaf rolling.
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Table 3.2. Transmission of Sweetpotato chlorotic stunt virus by Bemisia tabaci Biotype
B and Trialeurodes abutilonea after 2-day acquitionAand transmission6 feeding periods
using individual whiteflies per test plant

B. tabaci

1
6/35^

2
4/28

3
5 /3 0

4
3/25

T. abutilonea

1/33

0/32

1/30

2/28

% o f Transmission
15.2
3.2

A, Acquisition hosts was sweetpotato cv. White Bunch.
B, Transmission hosts was Ipomoea nil cv. Scarlet O’Hara.
C, Number of infected plants / Number of plants tested. Infected plants defined as
showing symptom o f interveinal chlorosis and downward leaf rolling.
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symptomatic plants were positive while the symptomless plants all were negative by
RT-PCR.
Attempts to transmit SPCSV using the sweetpotato whitefly (B. tabaci biotype
B) from field-collected sweetpotatoes (99-18,99-19, and Fontenot) did not result in
symptomatic plants. However, test plants (99-18 and 99-19) used in the whitefly
transmissions were tested by RT-PCR and found to be positive.
3.3.3 Electron Microscopy
Filamentous rod-shaped virus-like particles were observed in the cytoplasm of
phloem cells of SOH (Figure 3.2A). In addition, vesicles typical of cytopathic changes
associated with infection by members of the genus Crirtmrus were observed in the
phloem parenchyma cells of SOH infected with SPCSV-WB (Figure 3.2B). Vesicles
were clustered inside of membranous compartments and contained fine, densely stained,
fibril materials. However, these cytopathic changes were not observed frequently.
Typical cytopathic changes induced by potyviruses such as cylindrical inclusions were
not found in SOH infected with SPCSV-WB. Vesicles were clustered inside of
membranous compartments and contained fine, densely stained, fibril materials.
However, these cytopathic changes were not observed frequently. Typical cytopathic
changes induced by potyviruses such as cylindrical inclusions were not found in SOH
infected with SPCSV-WB.
Virus-like particles and vesicles were not observed in cells o f /. setosa grafted
with scions from field-collected sweetpotatoes. Although these indicator plants reacted
with symptoms of leaf malformation and vein chlorosis, which were similar to
symptoms reported for SPVD.
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0.5 pm

Figure 3.2. Electron micrograph o f a thin section of a phloem parenchyma cell of
Ipomoea nil cv. Scarlet O’Hara infected with a whitefly transmitted isolate of
Sweetpotato chlorotic stunt virus from the sweetpotato cv. White Bunch. (A) Virus-like
particles are seen in the cytoplasm. (B) Beet yellow virus-type vesicles are aggregated in
the cytoplasm. Vp, virus-like particles; CW, cell wall; N, nucleus; Np, proliferated
nuclear membrane; Vs. vesicles; Vc, vacuole.
76

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Figure 3.2 (continued)
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3.3.4 DsRNA Analysis
Electrophoretic analysis of dsRNA revealed the presence o f two SPCSV dsRNA
bands, not present in healthy control plants (Figure 3.3), one band showing strong
intensity (10 kb) and a weaker band (4 kb). These bands were obtained from both I.
setosa and N. benthamicma infected with SPCSV-WB. Also, two additional nucleic acid
species o f about 2.0 and 1.5 kb were obtained. These additional bands might be
contaminants of host DNA and ssRNA, since they were eliminated by DNase I and SI
nuclease treatments (Figure 3.4). The dsRNA isolated from infected plants were used as
template for amplification of the homologue HSP70 and CP genes o f SPCSV-WB and
also for dot blot assays.
Analysis of /. setosa grafted with scions from field-collected sweetpotatoes (9918,99-19,99-22,99-27, and 99-41) did not yield SPCSV specific dsRNAs.
3.3.5 RT-PCR
PCR amplification using the primer set, HSP70A and HSP70B, yielded one
DNA fragment with an estimated chain length o f approximately 450 bp (Figure 3.5).
This DNA fragment was amplified using both total RNA extracts and dsRNA from
plants infected with SPCSV-WB. Occasionally, nonspecific DNAs were amplified from
healthy control plants using this primer set These nonspecific DNAs were not obtained
when the primer annealing temperature was increased from 45°C to 52°C. Virus specific
DNA fragments were amplified consistently from plants infected with SPCSV-WB.
DNA fragments amplified using dsRNA isolated from I. setosa and N. benthamicma
infected with SPCSV-WB and from total RNA extracts o f SOH infected with SPCSVWB were selected for sequence analysis. DNA fragments also were amplified by RT78
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Figure 3.3. Agarose gel (1.2 %) electrophoresis of dsRNA isolated from Ipomoea setosa
infected with scions from field-collected sweetpotatoes. (A): Lane 1, XDNAlEco R I
and H ind III; lane 2, healthy; lane 3,99-18; lane 4,99-19; lane 5,99-41. (B): Lane 1, X
DNA/Eco R I and Hind UI; lane 2 ,99-22A; lane 3 ,99-22B; lane 4,99-27; lane 5, /.
setosa infected with a whitefly transmitted isolate o f Sweetpotato chlorotic stunt virus
from the sweetpotato cv. White Bunch.
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Figure 3.4. (A) Agarose gel (1.2 %) electrophoresis of dsRNA isolated from plants
infected with a whitefly-transmitted isolate o f Sweetpotato chlorotic stunt virus from
the sweetpotato cv. White Bunch (SPCSV-WB), and (B) dsRNA o f SPCSV-WB after
treatment with DNase I and S 1 nuclease. A: Lane I, XDNA/Eco R I and Hind HI; lane
2, Healthy Ipomoea setosa; lane 3, Healthy Nicotiana benthamiana; lane 4, /. setosa
grafted with a scion from field-collected sweetpotato (99-31); lane 5, N. benthamiana
infected with SPCSV-WB; lane 6, dsRNA o f Cucumber mosaic virus. B: Lane 1,
ADNA/£co R I and Hind HI; lane 2, dsRNA o f SPCSV-WB treated with S 1 nuclease;
lane 3, dsRNA of SPCSV-WB treated with DNase I and S 1 nuclease; lane 4, dsRNA of
SPCSV-WB without enzyme treatment
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1 2 3 4 5 6 7 8

Figure 3.5. Agarose gel (1.2 %) electrophoresis of RT-PCR products obtained with
primers for the homologue HSP70. Lane 1, TDHAJEco R I and Hind HI; lane 2, Healthy
Ipomoea nil cv. Scarlet O’Hara (SOH); lane 3, Healthy I. setosa; lane 4, SOH infected
with a whitefly transmitted isolate of Sweetpotato chlorotic stunt virus from the
sweetpotato cv. White Bunch (SPCSV-WB); lane 5, /. setosa infected with SPCSVWB; lane 6, Healthy Nicotiana benthamiana; lane 7, N. benthamiana infected with
SPCSV-WB; lane 8, N. benthamiana infected with SPCSV-WB. Lane 2,3,4,5,6, and
7 were amplified from total RNA and lane 8 was amplified from dsRNA of SPCSVWB.
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PCR from total RNA extracts o f I. setosa grafted with scions from the field-collected
sweetpotatoes (97-1,99-18,99-19,99-27,99-34,99-41,6SR, and Fontenot) using the
HSP70 primers (Figure 3.6). These DNA fragments were similar in size to those
obtained from plants infected with SPCSV-WB, hence, some o f them (97-1,99-18,9919,99-41, and Fontenot) were selected for sequence analysis.
Using the dsRNA isolated from I. setosa and N. benthamiana infected with
SPCSV-WB, a DNA fragment (700 bp) was amplified with the primer set B for the CP
gene of SPCSV (Figure 3.7). Since this DNA was not obtained from healthy controls
plants, it was selected for sequence analysis.
3.3.6

Cloning of RT-PCR Products and Sequence Analysis

DNA amplified with HSP70 and CP primers was cloned successfully and was
used for sequence analysis. The nucleotide sequence of the homologue HSP70 gene of
SPCSV-WB consists o f446 bp (Figure 3.8). The sequence was submitted to the
GenBank database under the accession number AF260321. Sequence comparison of the
homologue HSP70 cloned DNA amplified from total RNA extracts of plants infected
with SPCSV-WB and from dsRNA of SPCSV-WB resulted in 100 % identity. The
nucleotide sequence of the HSP70 gene of SPCSV-WB had 77 % identity with the East
African isolate and 99 % identity with the West African isolate. When the derived
amino acid sequences from the White Bunch isolate was compared with that of the
African isolates, it had 100 % identity with the West African isolate, and 98 % identity
with isolates o f both serotypes 1 and 2 of the East African SPCSV strain.
The partial CP gene of SPCSV-WB consists o f 651 bp (Figure 3.9). The
nucleotide sequence of SPCSV-WB CP gene had 73 % identity with both serotypes 1
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Figure 3.6. Agarose gel (1.2 %) electrophoresis o f RT-PCR products obtained with
primers for the homologue HSP70 gene of crinivirus from total RNA extracts of
Ipomoea setosa graft inoculated with scions from field-collected sweetpotatoes. Lane 1,
U M AIEco R I and Hind HI; lane 2, Healthy I. setosa; lane 3, Buffer, lane 4,7. setosa
infected with field-collected sweetpotato (99-18); lane 5 ,1, setosa infected with fieldcollected sweetpotato (99-19); lane 6, Positive control, DNA amplified from I. setosa
infected with whitefly transmitted isolate of Sweetpotato chlorotic stunt virus from the
sweetpotato cv. White Bunch.
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Figure 3.7. Agarose gel (1.2 %) electrophoresis o f RT-PCR products obtained with
primers for coat protein (CP) of Sweetpotato chlorotic stm t virus from plants infected
with whitefly transmitted isolate of Sweetpotato chlorotic stm t virus from the
sweetpotato cv. White Bunch (SPCSV-WB). Lane 1, XDHA/Eco R I and Hind HI; lane
2, Healthy Ipomoea setosa; lane 3, Healthy I. setosa; lane 4 ,1, setosa infected with
SPCSV-WB; lane 5, /. setosa infected with SPCSV-WB. Primer set A for CP gene of
SPCSV was used in samples o f lane 2 and 4, and primer set B was used in sample 3 and
5.
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Figure 3.8. Partial nucleotide and derived amino acid sequences of the homologue heat
shock protein 70 gene of a whitefly-transmitted isolate o f Sweetpotato chlorotic stunt
virus from the sweetpotato cv. White Bunch. The derived amino acid sequence is shown
below the nucleotide sequence.
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Figure 3.9. Partial nucleotide and derived amino acid sequences of coat protein gene of
a whitefly-transmitted isolate of Sweetpotato chlorotic stunt virus from die sweetpotato
cv. White Bunch. The derived amino acid sequence is shown below the nucleotide
sequence.
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and 2 o f the East Africa isolate o f SPCSV. The derived amino acid sequences of the CP
gene of SPCSV-WB had 68 % identity. However, CP gene sequence information for the
West African isolate of SPCSV was not available.
The sequences of the DNA fragments amplified with the HSP70 primers for
SPCSV from the field-collected sweetpotatoes (97-1,99-18,99-19,99-41, and
Fontenot) were identical to the corresponding sequence o f SPCSV-WB.
3.3.7 Detection of SPCSV Using a Dot Blot Assay
Dot blot assays using a riboprobe labeled with UTP-DIG were performed to
detect SPCSV from total RNA extracts o f plants infected with SPCSV-WB and I. setosa
grafted with scions from field-collected sweetpotato samples. Positive hybridization
with the riboprobe was obtained from total RNA extracts and dsRNA isolated from
plants infected with SPCSV-WB. Also, signal was obtained with blots o f total RNA
extracts from /. setosa graft-inoculated with scions from field-collected sweetpotatoes
(99-14,99-18,99-19,99-27,99-34,99-40,99-43,99-44, and 99-45) (Figure 3.10).
Signal was not obtained from the dot of total RNA extracts from healthy control plants
or buffer.
3.4 DISCUSSION
Properties of a whitefly-transmitted isolate of SPCSV infecting the sweetpotato
cultivar White Bunch were studied by electron microscope, dsRNA extraction,
amplification of the homologue HSP70 and the CP genes, and sequence analysis of the
amplified DNA fragments. Also, an optimized RT-PCR detection method was used to
amplify DNA fragments of the homologue HSP70 gene from I. setosa grafted with
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Figure 3.10. Dot blot hybridization using a riboprobe for the HSP70 of the White Bunch
isolate of Sweetpotato chlorotic stunt virus labeled with DIG-UTP. Column A: 1,
pGEM containing the HSP70 gene of SPCSV-WB; 2, RT-PCR product of homologue
HSP70 gene of SPCSV-WB; 3, dsRNA o f SPCSV-WB isolated from I. setosa; 4, total
RNA extracts of I. setosa infected with SPCSV-WB; 5 , 2X SSC; 6, Water. Column B:
1, Healthy/, setosa; 2, HealthyNicotianan benthamiana; 3, N. benthamiana infected
with SPCSV-WB; 4, N. benthamiana infected with SPCSV-WB. Column C: /. setosa
graft inoculated with scions from field-collected /. batatas samples. 1,99-18; 2,99-22;
3,99-27; 4,99-34; 5,99-14.
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scions from field-collected samples. These DNA. fragments had 100 % identity when
compared to similar fragment o f SPCSV-WB.
Several whitefly-transmitted viruses and virus-like diseases of sweetpotato have
been reported (Clark and Moyer, 1988; Yamashita et el., 1984; Hollings et a t, 1976;
Lotrakul et al., 1998). SPCSV has been reported from Africa, Israel, and South America
(Cohen et al., 1992; Feo et al., 2000; Winter et al, 1992). Pio-Ribeiro et al. (1996)
reported that the sweetpotato heirloom cultivar White Bunch was infected with the
SPCSV.
At the present time, occurrence o f SPCSV in the field in the United States has
not been confirmed. However, I. setosa grafted with scions from various field-collected
sweetpotatoes grown in different regions of the United States induced SPVD-like
symptoms. The symptoms consisted o f vein clearing, severe leaf distortion and
deformation, and stunting. These symptoms were similar to those caused by mixed
infections of SPCSV and SPFMV in Africa and South America (Feo et al., 2000;
Gibson et al., 1998). Additionally, graft inoculations o f /. setosa with a scion from
sweetpotato infected with both SPFMV and SPCSV-WB induced similar symptoms (C.
A. Clark, personal communication). Therefore, it is possible that these field-collected
sweetpotatoes may have been infected with SPCSV and SPFMV. However, leaf
distortion with shoe-lace symptoms was reported to be induced by mix-infections of
SPFMV and Sweetpotato m ild speckling virus (SPMSV), instead of SPCSV, in South
America (Feo et al., 2000). Therefore, it is also possible that the field-collected
sweetpotatoes showing severe symptoms were infected with SPFMV and an unknown
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potyvirus, infected with an unknown potyvirus and a unique strain o f SPCSV, or a
unique potyvirus alone.
By definition, members o f the genus Crinivirus including SPCSV can be
transmitted by B. tabaci (Winter et al., 1992; Cohen et al., 1992). Recently, Sim et al.
(2000) reported T. abvtilonea as vector of SPCSV-WB, but lower transmission rates
were obtained with T. abutilonea (3.2 %) when compared to that of the B. tabaci
biotype B (15.2 %). These two whiteflies are present in sweetpotato fields in Louisiana
and could play an important role in the spread of SPCSV if this virus is introduced in
the field.
The cells of phloem tissues o f SOH infected with SPCSV-WB contained
membrane-bounded vesicles and virus-like particles. These cytopathic changes reported
to be induced by members of the genus Crinivirus (Francki et al., 1985), and were
similar to those found in sweetpotato infected with SPVD in Israel and Nigeria (Cohen
et al., 1992; Winter et al., 1992). Vesicles and virus-like particles were not found in
tissues of /. setosa plants grafted with scions from field-collected sweetpotatoes.
However, it cannot be concluded that the virus was not present, because these vesicles
were not found frequently in tissues infected with SPCSV-WB.
Two dsRNA bands with sizes of about 10 and 4 kb were isolated from /. setosa
and N. benthamiana infected with SPCSV- WB. The size o f the dsRNA bands were
similar to that reported by Pio-Ribeiro et al. (1996) and similar to other isolates of
SPCSV present in Nigeria, Israel, and East Africa (Cohen et al., 1992; Winter et al.,
1992). Pio-Ribeiro et al. (1996) reported that dsRNA of molecular size o f 9 kb
hybridized with a riboprobe for the conserved HSP70 gene o f SPCSV, but not the two
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other bands (2.0 and l.S kb). It is likely that these two bands might have been plant
RNA present as contaminant with the dsRNA o f SPCSV-WB, since they were
eliminated after treatment with SI nuclease. The 4 kb dsRNA could be a dsRNA of a
subgenomic RNA o f SPCSV-WB. This subgenomic RNA o f SPCSV may not contain
the homologue HSP70 gene, because this band did not hybridize with the riboprobe for
the HSP70 (Pio-Ribeiro et al., 1996). The sequence o f this subgenomic dsRNA might
be included in another region o f the SPCSV genome. In conclusion, only two species of
dsRNA (10 and 4 kb) were confirmed to be SPCSV-specific dsRNAs. DsRNAs were
not obtained from plants (/. setosa) infected with field-collected sweetpotatoes (99-18,
99-19,99-27, and 99-41).
The amplified DNA fragment of the homologue HSP70 gene of SPCSV-WB
had 99 % and 77 % identity to the corresponding sequence of the West African isolate
o f SPCSV and the East African isolate (both serotypes 1 and 2) o f SPCSV, respectively.
Derived amino acid sequences of this gene were identical with that of the West Africa
isolate and had 98 % identity with those o f both serotypes o f the East Africa isolate. In
general, the derived amino acid sequences of HSP70 were nearly identical. It had been
reported that the homologue HSP70 protein appeared to be involved in cell-to-cell
movement o f closteroviruses (Agranovsky et al., 1998). Therefore, the high homology
of HSP70 gene between each isolate of SPCSV suggests that the HSP70 protein may
have similar functions.
The DNA fragment for the CP gene amplified from dsRNA of SPCSV-WB had
73 % identity with those o f both serotypes 1 and 2 o f the East African isolate of
SPCSV. However, the derived amino acid sequence o f the SPCSV-WB CP gene had
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only 68 % identity with that o f the East African isolate. Two highly conserved regions
comprised of about SO and 70 continued amino acids were observed when the CP
sequences o f SPCSV-WB and the East African isolate o f SPCSV were aligned by the
program (CLUSTAL W). One region located at the N-terminal and another region
located at the C-terminal of the sequences. However, the less conserved region in the
middle portion of the CP gene could be responsible for the existence of serotypes of
SPCSV. In addition, the less conserved regions of the CP gene may cause the in vitro
expressed CP to differ in conformation from the viral CP monomers (Hoyer et al.,
1996). This could explain why Lettuce infectious yellow virus (LIYV) antiserum reacted
in Western blots only with the viral CP of SPSW -Ke, but not with its in vitro
translated CP (Hoyer et al., 1996).
Based on the results o f sequence comparisons, SPCSV-WB may be a strain of
the SPCSV that occurs in West Africa. White Bunch or other earlier cultivars infected
with SPCSV might have been carried by traders into West Africa from North America
or vice versa. Another possibility is that a sweetpotato cultivar infected with SPCSV
was introduced into West Africa and North America from Central or South America
directly, then, SPCSV spread in two different continents.
Attempts to transmit SPCSV from field-collected sweetpotatoes to SOH by B.
tabaci were inconclusive. However, I, setosa grafted with scions of field-collected
samples showed similar symptoms when compared to symptoms induced by infection
o f SPCSV-WB and SPFMV. Cytopathic changes such as vesicles induced by the
criniviruses were not observed in plants infected with viruses from field-collected
sweetpotatoes. Results of host reaction, whitefly transmission, and electron microscope
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studies did not confirm the presence o f SPCSV, but a DNA fragment was amplified by
RT-PCR from I. setosa grafted with scions from the field-collected sweetpotatoes (97-1,
99-18,99-19,99-41, and Fontenot) suspected to be infected with SPCSV. Additionally,
amplified DNA fragments using HSP70 primer from these five field-collected isolates
had 100 % identity with the homologue HSP 70 of SPCSV-WB. In dot blot assay tests,
the total RNA extracts o f the I. setosa grafted with these samples o f field-collected
sweetpotato hybridized with in vitro transcribed SPCSV RNA labeled with
Digoxigenin-UTP.
The occurrence of SPCSV in the field in the United States could not be
confirmed or eliminated because o f conflicting results. However, since symptom
development can be affected by virus strain, temperature, or duration of light, it is
possible that a different virus strain may be present in the field. One possibility is that
intermediate virus strain between potyvirus and crinivirus might be present. These
strains could share characteristics with potyviruses such as induction o f cylindrical
inclusions and characteristics of criniviruses with the homologue o f HSP 70 gene.
Secondly, an unknown unique strain of a crinivirus might be infecting the sweetpotato
field-collected samples, which does not induce vesicles typical of criniviruses. The
possibility o f accidental transmission of SPCSV-WB by whiteflies in the greenhouse
also should be considered. In summary, the evidence for the existence of SPCSV in the
field-collected samples includes symptoms on/, setosa, RT-PCR amplification using
HSP70 primer, homologous sequence of HSP70, and results o f dot blot hybridization.
The evidence o f against existence o f SPCSV in the field-collected samples include lack
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o f typical symptom on I. nil, lack of vesicles in the infected cells, and negative dsRNA
results.
Purification o f SPCSV-WB is highly recommended for the production of
specific antiserum. Specific isolation methods for the putative SPCSV from fieldcollected samples must be developed including vector transmissions or host reactions,
and the molecular properties that will help to better identify the virus. The production of
a riboprobe for the coat protein gene o f SPCSV-WB may be useful for the detection of
the putative SPCSV in field-collected samples.
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CHAPTER 4. COMPARISON OF SOME BIOLOGICAL AND MOLECULAR
PROPERTIES OF FIVE POTYVIRUSES FROM SWEETPOTATO
4.1 INTRODUCTION
Members o f the family Potyviridae cause economically important diseases in
crops including potato, pepper, tomato, and sweetpotato. The genus Potyvirus includes
mechanically and aphid-transmitted viruses that infect monocotyledonous and
dicotyledonous plants. The potyviruses have flexuous filamentous virions o f650-900
nm in length and 11-15 nm in width. Potyvirus genomes consist of single-stranded,
linear, and positive sense RNA o f approximately 9-12 kb. The RNA genome has a VPg
in the 5’ terminus, and poly A region present in the 3’ terminus. All members of this
group produce characteristic cylindrical inclusions in the cytoplasm of infected cells
(Brunt et al., 1996; Gibbs and Mackenzie, 1997; Francki et al., 1985).
Sweetpotato is affected by several potyviruses (Moyer and Salazar, 1989; Clark
and Moyer, 1988). Among them, Sweetpotato feathery mottle virus (SPFMV) is
distributed worldwide and the most thoroughly characterized, and infects sweetpotato
either alone or in association with other viruses (Moyer and Salazar, 1989; Clark and
Moyer, 1988; Colinet and Kummert, 1993). Many strains o f SPFMV have been
reported in sweetpotato from Africa (Kreuze et al., 2000), China (Colinet et al., 1994a;
Colinet et al., 1994b), Japan (Mori et al., 1995; Sakai et al., 1997), and North America
(De Souto, 1998; Cali and Moyer, 1981; Moyer and Cali, 1985). Other potyviruses such
as, Sweetpotato latent virus (SPLV) (Clark and Moyer, 1988; Colinet et al., 1997),
Sweetpotato vein mosaic virus (SPVMV) (Brunt et al., 1996; Clark and Moyer, 1988;
Moyer and Salazar, 1989), Sweetpotato m ild speckling virus (SPMSV) (Alvarez et al.,
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1997; Feo et al., 2000), Sweetpotato mild mottle virus (SPMMV) (Colinet et al., 1996),
and Sweetpotato virus G (SPVG) (Colinet et al., 1994) have been reported.
The etiology of sweetpotato virus diseases caused by dual infection of
sweetpotato potyviruses with related and/or unrelated viruses remain unclear.
Sweetpotato virus identification and classification is difficult mainly due to the frequent
occurrence of mixed infections and synergistic complexes in sweetpotato. This is
complicated by difficulties inherent to the isolation and purification of viruses from
sweetpotato (Colinet et a l, 1998).
The identification and classification o f potyviruses has been in a very
unsatisfactory state due in part to the large number o f members and possible members
of this group. In the past, use of classical methods, such as host range, symptomatology,
cross-protection, morphology of cytoplasmic inclusions and conventional serology,
revealed a “continuum” implying that the “species” and “strain” concepts cannot be
applied to potyvirus (Shukla and Ward, 1989). Serological methods have been used
widely and successfully to identify some potyviruses. However, these tests have not
been successful in differentiating most potyviruses. Recently, it has been reported that
the dominant epitopes of potyvirus virions are the variable N-terminal parts of the
virion protein, which has a repetitive sequence in some species probably caused by
polymerase slippage (Hancock et al., 1995; Gibbs and Mackenzie, 1997). In contrast
nucleic acid and amino acid sequence data of the coat proteins has clearly demonstrated
that potyviruses can be divided into distinct members and strains (Shukla and Ward,
1989). Information on the nucleic acid sequences have helped to better diagnose and
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detect potyviruses infecting sweetpotato (Mori et al., 199S; Colinet et al., 1994a;
Colinet et al., 1994b; Colinet et al., 1998).
Recently, a detection method using RT-PCR with specific primers for the 3’ end
of the nuclear inclusion body b (Nib) and the 5’ end o f coat protein (CP) genes of the
potyviruses has been used successfully to detect SPFMV and other potyviruses (De
Souto, 1998; Colinet et al., 1998; Colinet et al., 1996; Colinet et al., 1994; Gibbs and
Mackenzie, 1997). Sequence information from these RT-PCR products were used to
identify new potyviruses or new strains of SPFMV infecting sweetpotato (De Souto,
1998; Colinet et al., 1994a; Colinet et al., 1994b; Mori et al., 1995; Usugi et al., 1994;
Sakai et al., 1997). Using partial sequences of Nib and CP genes, De Souto (1998)
identified three strains of SPFMV (the common strain and two others designated as 952 and 95-6) from Louisiana. However, the variability of potyviruses (including
SPFMV) infecting sweetpotato in the United States has not been studied. Moreover,
SPFMV isolates and potyviruses detected in the United States and other parts of the
world have not been compared.
Ipomoea setosa graft inoculated with scions from five selected sweetpotatoes
collected from various regions o f the United States reacted positively with a monoclonal
antiserum to Potato virus Y 1 (PVY) (Agdia, Elkhart, IN) that reacts with most
potyviruses (R. A. Valverde and C. A. Clark, Personal communication). However, they
did not react or reacted weakly with a polyclonal antiserum to SPFMV (Supplied by the
International Potato Center [CIP]).
In attempts to identify these putative viruses designated LSU-1, LSU-2, LSU-3,
LSU-4, and LSU-5, RT-PCR was performed using total RNA from infected plants. The
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nucleotide sequences of the amplified RT-PCR product o f these viruses were compared
with other potyviruses from other parts o f the world to determine their relationships.
4.2 MATERIALS AND METHODS
4.2.1

Vims Sources and Plant M aterials

Potyvirus isolates were provided by C. A. Clark, Louisiana State University, and
were originally obtained from virus-tested Beauregard plants or true seedlings that were
reinfected in the field or from mericlone that remained infected after meristem-tip
culture. Scions o f sweetpotato source plants were grafted onto I. setosa, and based on
results of symptomatology and ELISA using polyclonal antiserum to SPFMV and
monoclonal antiserum to PVY, five infected /. setosa plants (LSU-l, LSU-2, LSU-3,
LSU-4, and LSU-5) were selected (R. A. Valverde and C. A. Clark, Personal
communication). Viruses LSU-l and LSU-5 were obtained from plants derived from
meristem-tip culture of the Beauregard mericlone SH3-1A5 and the O’Henry
mericlone# 1-8, respectively. An isolate o f LSU-l was obtained by a single aphid (Aphis
gos5>pi/)-transmission. LSU-2 was obtained from a Beauregard sample from Texas, and
an isolate obtained by two sequential single local lesion transfers from Chenopodium
quinoa to I. nil cv. Scarlet O’Hara (SOH). LSU-3 and LSU-4 were found in true
seedlings in a Louisiana field (Chase, LA) and were not further isolated by any specific
method. These viruses did not react in NCM-ELISA tests with polyclonal antisera to
SPMMV, SPLV, SPCFV, C-6, or SPMSV. The following plant species were
mechanically inoculated with each one o f these selected isolates; SOH, I. setosa,
Nicotiana benthamiana, and C. quinoa.
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4.23. Total RNA Extraction
Total RNA was extracted from 0.1 g of leaf tissues from individual plants
infected with the five viruses using TRIzol Reagent (Life Technologies, Inc., Grand
Island, NY) following the method described in Chapter 3. Infected plants included
SOH, I. setosa, and N. benthamiana. Also, total RNA was extracted from healthy plants
as controls. Total RNA extracts were used as template for the RT-PCR assays.
4.2.3

RT-PCR

For RT-PCR, two primer sets were used; set A, POT1 (5’GACTGGATCCATTBTTCDATRCACCA-3’)/POT2 (5’GACGAATTCTGYGAYGCBGATGGYTC-3’), (De Souto, 2000; Colinet et al., 1998;
Colinet and Kummert, 1993) and set B, POT1/PV2 (5’ACCACAGGATCCGGTAACAACAGCGGGCAACC-3’) (Gibbs and Mackenzie,
1997). These primers are highly specific for the conserved Nib and CP gene of the
genus Potyvirus. Both primer sets amplify DNA fragments that included a 3’ end region
of the Nib and a 5’ end region of the CP gene of potyvirus (Figure 4.1). The expected
size o f the DNA fragments amplified with primer set A and set B is about 1.3 kb and
1.1 kb, respectively.
Ten microliters of total RNA extract were denatured at 9S°C for 3 min, and kept
on ice for 3 min. The denatured RNAs were mixed with a master mixture for the reverse
transcriptase reaction containing 2 pi o f 10 mM o f primer POT1,200 units of MoloneyMurine Leukemia Virus reverse transcriptase (Promega, Madison, WI), and 2 pi o f 10
mM dNTP mixture. The mixture was incubated at 42°C for 40 min. The cDNA was
used for PCR amplification directly in the PCR master mixture containing 5 units of
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Figure 4.1. Genetic map (modified from De Souto, 1998) of the Potyviridae, showing
the relative positions o f die two primer sets (POT1 / POT2, POT1 / PV2) and the region
o f the genome amplified by RT-PCR (Colinet et al., 1998; Gibbs and Mackenzie, 1997).
Pl-Pro, First protein/ protease; HC-Pro, Helper Component/ protease; P3, Third protein;
6K1,6K Peptide; Cl, Cytoplasmic Inclusion protein; 6K2, Second 6K Peptide; NIa,
Nuclear Inclusion a protein/ protease; Nib, Nuclear Inclusion b protein (RNA dependent
RNA polymerase); CP, Coat Protein.
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Taq DNA polymerase (Promega, Madison, WI), 4 |il o f 50 mM of MgCU, and 2 pi of
10 mM of primer POT2 or PV2. The cDNA template was denatured at 95°C for 3 min.
Amplification was performed for 1 min at 95°C, 2 min at 40°C (first 5 cycles) and at
50°C (30 cycles), and 3 min at 72°C, with a final extension step at 72°C for 10 min. The
PCR products were analyzed in a 1.2 % agarose gels at 100 V for 1 h and 15 min.
4.2.4 Cloning of RT-PCR Products
For each virus, bands corresponding to the expected PCR products were excised
from agarose gels using a razor blade, and DNA isolated using the ultraclean DNA
purification kit (Mo Bio Laboratories, Solana Beach, CA). DNA was ligated into the
pGEM-T vector (Promega, Madison, WI) according to the manufacturer’s instructions.
Recombinant plasmids were transformed into DH5a Escherichia coli cells using the
heat shock procedure at 42°C for 60 seconds. Screening for recombinant clones and a
plasmid minipreparation were performed as in Chapter 3.
The sequences o f the cloned RT-PCR products were determined by automated
sequence analysis at the DNA sequencing Core Laboratory of the University of Florida,
Gainesville, FL (ABD77 DNA sequencer, Perkin Elmer, Foster City, CA).
4.2.5 Sequence Comparisons
Nucleotide sequences of the 3’ end o f Nib and 5’ end of CP genes o f each LSU
virus were translated to amino acid sequences using the Translate program (ExPASy
molecular biology server, Swiss Institute o f Bioinformatics, Geneva, Switzerland).
Nucleotide sequences were compared with the counterparts o f various strains of
potyviruses, including several strains of SPFMV. Multiple nucleotide sequence
alignment was carried out using version 1.7 o f the CLUSTAL W program (Thompson
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et al. 1994; Lotrakul, 2000). Percent identities between aligned nucleotide sequences
were determined as in Chapter 3. Derived amino acid sequences were aligned using the
alignment program (CLUSTAL W at PBIL of ExPASy molecular biology server Swiss
Institute of Bioinformatics, Geneva, Switzerland).
4.2.6 Phylogenetics
For phylogenetics analyses, the derived amino acid sequences of the N-terminal
end o f the CP gene were aligned with that of other potyviruses and other strains of
SPFMV. The aligned sequences were subjected to phylogenetic analysis using
parsimony and the bootstrap option (100 replicates) of the Phytogeny Inference Package
(PHYIJOP) version 3.5c (developed and distributed by J. Felsentein, Department of
Genetics, University of Washington, Seattle, WA). Bootstrap values were shown using
the >50 % majority rule. Potyvirus sequences used in sequence comparison and
phylogenetic analysis are listed in the GenBank database under the following accession
numbers; SPFMV-0 (D16664), SPFMV-S (D38543), SPFMV-CH (S69825), SPFMVZim (AF016366), SPFMV- RUK (AJ010707), SPFMV-RAK (AJ010706), SPFMVNIG3 (AJ010705), SPFMV-NAM1 (AJ010704), SPFMV-MAD (AJ010700), SPFMVBAU (AJ010699), SPFMV-K1 (AF015540), SPFMV-K2 (AF015541), SPFMV-5
(U96624), SPFMV-6 (U96625), SPFMV-RC (S43450), SPFMV-C (S43451), SPV-G
(X76944), SPMMV (Z73124), Plum pox virus (PPV) (NC001445), Ceratobium mosaic
virus (CeMV) (AF022442), Turnip mosaic virus (TuMV) (AF226846), Potato virus A
(PVA) (S51667), Tobacco etch virus (TEV) (M l 1216), Bean yellow mosaic virus
(BYMV) (D89545), Tobacco vein banding mosaic virus (TVBMV) (L28816),
Sarcochilus virus Y (SVY) (AF185957), and Sugarcane mosaic virus (SuMV)
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(X05040), Yam mosaic virus (YMV) (U42596), Watermelon mosaic virus (WMV)
(D13913), Potato virus 7-N (PVY-N) (D00441), Soybean mosaic virus (SoyMV)
(X96665), Tulip mosaic virus (TBV) (X63630), Papaya ring spot virus (PRSV)
(X78557), Lettuce mosaic virus (LMV) (AJ278854), and Tobacco vein mottling virus
(TVMV) (NC001768). The sequences of two strains o f SPFMV (95-2 and 95-6) were
from De Souto (1998).
4 3 RESULTS
43.1 Host Reaction
A description of the symptoms induced by LSU-l, LSU-2, LSU-3, LSU-4, and
LSU-5 viruses on inoculated plant species is shown in Table 4.1. Induced symptoms
included chlorosis, chlorotic spots, vein banding, mottling, and mosaic. Some
symptoms were difficult to differentiate from those induced by SPFMV. The LSU-2
and LSU-5 viruses induced necrotic local lesions on C. quinoa, but this host was
symptomless when inoculated with the other three viruses.
4 3 3 RT-PCR
The expected RT-PCR products corresponding to the combined partial Nib and
partial CP gene of potyvirus were obtained. DNA fragments o f about 1.3 kb were
amplified by primer set A (POT2/POT1) from RNA extracts o f plants infected with the
LSU-2 and LSU-5 viruses (Figures 4.2 and 4.3). However, the primer set A did not
amplify DNA fragments from total RNA extracts o f plants infected with the LSU-l and
LSU-3 viruses. The primer set B (PV2/POT1) amplified a DNA fragment of about 1.1
kb from RNA extracts o f plants infected with the LSU-l, LSU-2, LSU-3, and LSU-5
viruses (Figures 4.2,4.3,4.4, and 4.5). After several attempts with RNA extracts of
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Table 4.1. Symptoms induced by five viruses obtained from field-collected
sweetpotatoes after mechanical inoculation
Inoculated Plant Species
Ipomoea nil*

LSU-t
VB, MO, YM

LSU-2
VB

I. setosa

VB, CS

Nicotiana benthamiana.

MT, LD

CS.VM.LC
MT, LD

NS

NLL

Chenopodhm quinoa

Viruses
LSU-3
CS, MO
VB, CH

LSU-4
YM, LCD
VM, CVF, CR

LSU-5
MT, YM
VM, MO, CS

MT, LD

MT, LD

MT, LD

NT

NT

NLL

Abbreviations: VB, vein banding; MO, mosaic; YM, yellow mosaic; CS, chlorotic spot;
LCD, leaf curling downward; MT, mottling; VM, vein mosaic;
LC, leaf curling; CH, chlorosis; CVF, chlorotic vein fleck; CR, crinkling;
LD, leaf distortion; NS, no symptom; NT, not determined.
* Ipomoea nil cultivar Scarlet O’Hara
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Figure 4.2. Agarose gel (1.2 %) electrophoresis of RT-PCR products from total RNA
extracts of Nicotiana benthamiana infected with the LSU-2 virus using primer sets A
and B. Lane 1, X DNAJEco R I and Hind VI. RT-PCR products from lane 2 and 3 were
amplified using primer set B, and those from lane 4 and 5 using primer set A.
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1
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5

1.5 kb
1.3 kb0.9 kb

Figure 4.3. Agarose gel (1.2 %) electrophoresis of RT-PCR products from total RNA
extracts of Ipomoea setosa infected with the LSU-5 virus using primer sets A and B.
Lane I, X DNAlEco R I and Hind HI. RT-PCR products from lane 2 and 3 were
amplified with using primer set A, and those o f lane 4 and 5 were amplified using
primer set B.
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1 2 3 4 5 6

1.5 kb — ►
1.3 kb— ►
0.9 kb— ►
0.8 kb— ►

Figure 4.4. Agarose gel (1.2 %) electrophoresis o f RT-PCR products from total RNA
extracts o f Ipomoea setosa infected with the LSU-l virus using primer set B. Lane 1, k
DNAlEco R I and H ind HI; lane 2 ,3 , and 4, /. setosa infected with the LSU-l virus;
lane 5, RT-PCR products using primer set A from I. setosa infected with the LSU-5
virus; lane 6, RT-PCR products using primer set B from /. setosa infected with the
LSU-5 virus. The white arrow indicates the RT-PCR products amplified from the LSU1 virus.
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Figure 4.5. Agarose gel (1.2 %) electrophoresis o f RT-PCR products from total RNA
extracts of Ipomoea nil infected with the LSU-3 virus using primer sets A and B. Lane
1, X DNAlEco R I and Hind IQ; lane 2 ,3 ,4 , primer set A was used; lane 5 and 6, primer
set B was used.
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plants infected with the LSU-4 virus, amplification by RT-PCR was not successful.
Although some RT-PCR products from each individual virus sample contained multiple
bands (0.5-0.8 kb, and larger than 2.0 kb), DNA fragments of expected size were
amplified in larger quantities. DNA fragments were not obtained when RT-PCR was
conducted using RNA extracts from healthy plants.
4 3 3 Cloning of RT-PCR Products
Each RT-PCR product from the LSU-l, LSU-2, LSU-3, and LSU-5 viruses was
ligated into the pGEM TA vector. Screening for recombinant plasmids was conducted
as described in Chapter 3. Selected plasmids were confirmed by treatment with Apa I
and Pst I. The inserts in the recombinant plasmids were sequenced.
43.4

Sequence Analysis

Analysis of the nucleotide sequences of the RT-PCR products of the LSU-l,
LSU-2, LSU-3, and LSU-5 viruses confirmed that the sequence corresponded to the 3’
end o f the Nib and the 5’ end of the CP gene of potyviruses (Figures 4.6,4.7,4.8, and
4.9).
The nucleotide sequences and derived amino acid sequences of the combined
Nib and CP genes of the LSU-l and LSU-3 potyviruses were identical. The region
corresponding to the CP gene o f these two viruses had 98 % identity in nucleotide and
100 % identity in amino acid sequences when compared to the CP gene o f SPV-G. In
the case of LSU-2 and LSU-5 potyviruses, the LSU-2 potyvirus had 95 % identity in
nucleotide and 100 % identity in amino acid sequence when compared to the LSU-5
potyvirus.
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Figure 4.6. The nucleotide sequence of the RT-PCR product from the LSU-l potyvirus
amplified with primer set B. The derived amino acid sequence is shown below the
nucleotide sequence. Sequences of that are motifs common among potyviruses are
underlined.
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gtggtggacaacacaettatggttgttttggefcatgactrattcattgtgtaaacttaat
V V D W T L M V ’/ L A M T Y
S L C K L M
attaaaccagaaaaccatgatcaagtgtgtatttattttgcaaatggtgatgacctacta
I K P B N H D Q V C I Y F A N
G D P
L U
ttagccatagatcctacatatgaatggattcttgattcactcgaaaaattgttcagggag
L A T D P T Y E W T L D S L E K L F R E
cttgggcttaattacgatttttcatcaagaacaaatgacaaggaggagctgtggttcatg
L G L N Y D F S S R T H D K E E L W
F M
tctcacagaggaatgaaaagagatggtatttacataccaaaactagaacctgagagaatt
S H R G M K R D 3 I Y I
P K L E P E R I
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V S I L E W D R A S E P V H R L E A I C
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A A M V E A W G Y D D L X . Q E I R K F Y
gcatggattcttgatcaggcaccatatagcgaacttgctcgagtaggcaaggctccatat
A W I L D Q A P Y S E L A R V G K A P Y
atagcagagacagcactgaaagctctgtacacatgtgttgaaccatcagctgaagatttg
I A E T A L K A L Y T C V E P S A E D L
tccgagtatgttcgtgttttgaaettgatgtatgatgatgctgttgaatcgaatgattgt
S E Y V R V L N L M Y D D A V E S N D C
gaqccaqtctaccatcagtcaggcactgaagaaacaaaagacgctggaaccccaacacca
E P V Y H Q S G T E E T K D A G
T P T P
gcaaaatcagttaagacaagaacaggacaaactcaaccgcttaaagcaccagaagggagc
A K S V K T R T G Q T Q P L K A P E C S
acgaatccaacagatccaccacctccaacaattgaagagataattgaagaagaaacacca
T N P T D P P P P T I E E I
I B E E T P
gcacaaaaagcattgagggaagcccgtggcaagcaaecagcaacacaaccctcatacaet
A Q K A L R E A R G K Q P A T Q P S Y T
tatgggcgagacacaggaccgcgtagcccaaggcaagttacaacaacaagcagagttagg
Y G R D T G P R S P R Q V T T T S R V R
gatagagatgttaatgctggaacaatagggacgtttatagttccaagacttcaaattaca
D R D V N A G T I G T F
I V P R L Q I T
tcaagcaagaagagattgccaatagttgacggacgtccagtaatcaacctggatcacttg
S S K K R L P I V D G R P V I N L D H L
gcagtttacgatccagagcaaacaaatcttgcaaataccagatcaacacaagaacagttt
A V Y P P E Q T N L A S T R S T Q E Q F
aaggcatggtatgaaggtgtgaagggcgattatggggtatccgatgctgaaatgagcata
K A W Y E G V K G D Y S V S
D A B M S 1
ctccttaatggcctcatggtttggtgfcatagaaaatggatccagtc
L L N G L M V W C I E M G S
S

Figure 4.7. The nucleotide sequence of the RT-PCR product from the LSU-2 potyvirus
amplified with primer set A. The derived amino acid sequence is shown below the
nucleotide sequence. Sequences o f that are motifs common among potyviruses are
underlined.
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ttcaacagttgttgacaacacactcatggttgtactagctatgacgtatteaettgagaaa
3 T V V P M y L M V V L A M T Y S t . E K
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D E V C V Y F A K
C P P
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H E H V L D
T L Q V S P
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X E L
G L H Y D F S T R C K B R S D L W
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F M 3 H Q G I E R D G
T F I P K L B P B
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S A L K T L Y T N I A P T K K
gaactatcagagtatgcacgagttctatcacaaatgtatgaagactctctgacaaatttt
B L S E Y A R V L S Q M Y E D S L T N P
gaggataacaacgtgcatcatcagtctgctgaagagatatacgatgcaggaaaaacagga
B D N R V B H Q 3 A E F. t Y D A G
K T G
aacacaggaaggggaagaggacgaggtactgtgcctccgccgccgecaaceeetggggca
H T G R G R G R G T V P P P P P T P S A
ccaagaacaggtgacctgcctccagcagtgeagacaggaccattaccaccaggtgcagec
P R T S D L P P A V Q T G P L P P G A A
tcaaaaccacstatcatkgaggaaattccgcagccagagtcaccgagaacgaaggcattg
S’ K P P I
I B B I P Q P E S P R T K A L
egggaagcgagagggaaagctccagieaacaattccagatagcagaggggtcgatacatca
R E A R G K A P A T t
P DS
R G V D T S
eaaafcaeegagtttcacaeeaggtagagaccaaacaaCgacaccaaecccCcaaagaaca
Q I B S F T P G R B Q T M T P T P Q R T
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S T G A R D R D V W A G T
V G T
F I V P
cggetccagataacacatagtaagaaaagagcaccaatggcaaatggaagaatagtagtc
R L Q I T H S K K R A B K A K G R I V V
aatettgaceaotttacaatotatgacectgaaeaaacaaatcttreaaatactcgagca
H L D H
F T I Y D P B Q T H I t S H T R A
acacaggaacaafcttaatgcttggtacgagggtgtcagggaagattratggagcgaatgat
T Q E Q
F N A W Y B G V R E D Y G V N D
gagcaaatggggatattgctcaaegggttaafcggt't
E Q M G I L L K S 1 M V

Figure 4.8. The nucleotide sequence of the RT-PCR product from the LSU-3 potyvirus
amplified with primer set B. The derived amino acid sequence is shown below the
nucleotide sequence. Sequences o f that are motifs common among potyviruses are
underlined.
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Figure 4.9. The nucleotide sequence o f the RT-PCR product from the LSU-5 potyvirus
amplified with primer set A. The derived amino acid sequence is shown below the
nucleotide sequence. Sequences of that are motifs common among potyviruses are
underlined.
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The nucleotide sequences o f the RT-PCR products between the LSU-1 and
LSU-5 poxviruses showed 66 % identity. The region corresponding to the Nib gene
from the LSU-1 and LSU-5 potyviruses was more conserved than the region
corresponding to the CP gene. The identity of the derived amino acid sequences
corresponding to the Nib gene was 89 % identity and the sequences corresponding to
the CP gene was 62 % identity.
The derived amino acid sequences of RT-PCR products from LSU-1 and LSU-5
potyviruses were compared with various strains of SPFMV and other potyviruses
(Tables 4.2 and 4.3). There was an extensive similarity in the C-terminal of the Nib
region of all four LSU potyviruses with that of strains of SPFMV and other potyviruses.
All derived amino acid sequences o f the four potyviruses contained the proteinase
cleavage site, found in SPFMV and other potyviruses (Ai?ad et al., 1992; Atreya et al.,
1990). The amino acid sequence VYHQS (Glu|Ser) was found in the LSU-2 and LSU-5
potyviruses, however, the LSU-1 and LSU-3 potyviruses had VHHQS. The first
significant domain in the CP is the DAG box, which has been recently shown to be
involved in aphid transmission (Abad et al., 1992; Atreya et al., 1995). This domain is
located at +7 to +9 positions in the CP region of LSU-1 and LSU-3, and at +8 to +10
positions in the CP region of LSU-2 and LSU-5. Another common motif in potyviruses
(Abad et al., 1992) is a trypsin-resistance sequence (D-VNVGTVGTF) located in the Nterminus of the CP gene. A similar sequence (D-VNAGTVGTF) was found in the LSU1 and LSU-3 potyviruses (+120 from the N-terminus) and in the LSU-2 and LSU-5
potyviruses (+97 from the N-terminus). In all four viruses, the second Val was replaced
with Ala.
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Table 4.2. Percent amino acid sequence identity of the 3’ end of the nuclear inclusion
body B (Nib) and the 5’ end of the coat protein (CP) genes among the LSU-1 potyvirus
and the counterpart sequences o f other potyviruses
Virus
95-2
95-6
SPMMV
SPFMV-0
SPFMV-S
SPFMV-CH
SPFMV-Zim
SPFMV-C
SPFMV-RC
SPFMV-5
SPFMV-6
SPFMV-K 1
SPFMV-K 2
SPFMV-BAU
SPFMV-MAD
SPFMV-NAM 1
SPFMV-NIG 3
SPFMV-RAK
SPFMV-RUK
SPVG
SuMV
SarVY
BYMV
TEV
PVA
TuMV
CerMV
LMV
WMV-2
PVY-N
PPV-NAT
YMV
PRSV
TBV
SoyMY
TVBMV

Accession
.*

Identity on Nib (%) Identity on CP (%)
56
82
53
82
31
57
60
82
61
83
61
85
62
83
55
N**
59
N
60
N
56
N
62
N
60
N
61
N
60
N
60
N
59
N
60
N
59
N
97
N
50
77
42
71
43
74
41
76
40
75
48
79
41
71
39
79
42
69
42
76
51
78
42
75
48
69
43
71
39
70
39
74

-

Z73124
D16664
D38543
S69825
AFO16366
S43451
S43450
U96624
U96625
AFO15540
AF015541
AJO10699
AJO10700
AJO10704
AJO10705
AJO10706
AJO10707
X76944
X05040
AF185957
D89545
M l 1216
S51667
AF226846
AF022442
AJ278854
D13913
D00441
NC001445
U42596
X78557
X63630
X96665
L28816

* Dash indicates that sequence obtained from De Souto (1998)
** N: Not available
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Table 4.3. Percent amino acid sequence identity o f the 3’ end o f the nuclear inclusion
body B (Nib) and the 5* end o f the coat protein (CP) genes among the LSU-5 potyvirus
and the counterpart sequences of other potyviruses
Virus
95-2
95-6
SPMMV
SPFMV-0
SPFMV-S
SPFMV-CH
SPFMV-Zim
SPFMV-C
SPFMV-RC
SPFMV-5
SPFMV-6
SPFMV-K I
SPFMV-K 2
SPFMV-BAU
SPFMV-MAD
SPFMV-NAM I
SPFMV-NIG 3
SPFMV-RAK
SPFMV-RUK
SPVG
SuMV
SarVY
BYMV
TEV
PVA
TuMV
CerMV
LMV
WMV-2
PVY-N
PPV-NAT
YMV
PRSV
TBV
SoyMV
TVBMV

Accession

Identity on Nib (%) Identity on CP (%)
64
86
63
86
35
55
69
85
67
88
69
86
77
90
65
N**
67
N
68
N
65
N
67
N
67
N
69
N
67
N
66
N
N
66
67
N
66
N
62
N
59
75
56
72
56
78
79
44
48
80
55
79
50
73
53
83
58
76
79
44
56
83
46
80
56
74
78
64
46
76
49
78

_*
-

Z73124
D16664
D38543
S69825
AFO16366
S43451
S43450
U96624
U96625
AFO15540
AFO15541
AJO10699
AJO10700
AJ010704
AJOI0705
AJOI0706
AJ010707
X76944
X05040
AF185957
D89545
M l 1216
S51667
AF226846
AF022442
AJ278854
D13913
D00441
NC001445
U42596
X78557
X63630
X96665
L28816

* Dash indicates that sequence obtained from De Souto (1998)
** N: Not available
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Part o f the Nib region was also compared to that of other potyviruses. RNA
dependent RNA polymerase is produced from the Nib region, and most motifs from the
Nib region have been reported that it related to nucleoside triphosphate (NTP>binding
activity (Koonin, 1991; Zaccomer et al., 1995). The common GDD motif (called the B
motif) was found at position -171 to -169 from the C-terminus of the Nib region of all
four viruses. This GDD-containing m otif corresponds to the core of the RNA-dependent
RNA polymerase (Zaccomer et al., 1995). Another motif for NTP-binding is
Phenylalanine on FXS as typical class of RNA-binding motif (Koonin, 1991), which
was observed at position -128 to -126 of the C-terminus in the LSU-1 and LSU-3 Nib
region and at position -140 to -138 o f the C-terminus in the LSU-2 and LSU-5 Nib
region. The LSU-5 potyvirus also had one other whole sequence of common region for
NTP binding, and this motif (GXXSGXXXTXXXNT) was observed at position -215 to
-202 from the C-terminus of the Nib region.
4.3.5

Phylogenetics

Each amino acid sequence corresponding to the CP gene from the four viruses
was aligned with that o f various strains of SPFMV and other potyviruses to construct
phylogenetic trees. The phylogenetic relationships between the four LSU potyviruses,
19 strains o f SPFMV including two strains of SPFMV (95-2 and 95-6) from Louisiana,
and 19 other potyviruses was analyzed based on the derived amino acid sequences of
the N-terminus of the CP gene (Figure 4.10). The phylogenetic tree separated the
viruses into two main groups, one containing strains of SPFMV and BYMV and another
containing several potyviruses. The four LSU potyviruses were separated from the
strains of the SPFMV group. LSU-1 and LSU-3 were grouped together and were closely
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Figure 4.10. Phylogenetic tree showing the relationship between the four LSU
potyviruses and other potyviruses based on multiple sequence alignment o f the derived
N-terminal amino acid sequence of the coat protein. The tree was constructed using
programs in the CLUSTAL W package version I. 7. The significance (> 50 %) of the
modes in a bootstrap analysis with 1000 replicates is shown. Vertical distances are
arbitrary. Horizontal distances reflect genetic distance between branch nodes. Scale bar
indicates the horizontal distance equivalent to 0.05 replacement per position. Cucumber
mosaic virus (CMV) was used as an outgroup. Selected viruses included: various strains
of Sweetpotato feathery mottle virus (SPFMV) including SPFMV-95-2, SPFMV-95-6,
SPFMV-C, SPFMV-O, SPFMV-S, SPFMV-CH, SPFMV-Zim, SPFMV- RUK,
SPFMV-RAK, SPFMV-NIG3, SPFMV-NAM1, SPFMV-MAD, SPFMV-BAU,
SPFMV-K I, SPFMV-K2, SPFMV-5, SPFMV-6, SPFMV-RC, Sweetpotato virus G
(SPV-G), Sweetpotato mild mottle virus (SPMMV), Phan pox virus (PPV), Ceratobitan
mosaic virus (CeMV), Turnip mosaic virus (TuMV), Potato virus A (PVA), Tobacco
etch virus (TEV), Bean yellow mosaic virus (BYMV), Tobacco vein banding mosaic
virus (TVBMV), Sarcochilus virus Y (SVY), Sugarcane mosaic virus (SuMV), Yam
mosaic virus (YMV), Watermelon mosaic virus (WMV), Potato virus Y-N (PVY-N),
Soybean mosaic virus (SoyMV), Tulip mosaic virus (TBV), Papaya ring spot virus
(PRSV), Lettuce mosaic virus (LMV), and Tobacco vein mottling virus (TVMV).
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related to SPVG. LSU-2 and LSU-5 were grouped together and seem to be more closely
related to LSU-1, LSU-3, and SPVG than to the rest of the SPFMV-like viruses group.
Two strains of SPFMV (95-2 and 95-6) from Louisiana clustered within the SPFMVlike group. Strain 95-6 of SPFMV clustered with SPFMV-C and SPFMV-6. The
relationship between strain 95-2 of SPFMV and the other SPFMV was not clear, but it
seemed to be related with the SPFMV Group RC whose members include SPFMV-RC,
SPFMV-S, and SPFMV-K1 and Group O which includes SPFMV-O, SPFMV-CH,
SPFMV-5, and SPFMV-Bau.
4.4 DISCUSSION
RT-PCR using specific primers amplified potyviral DNA fragments o f a
combined partial of the Nib and the CP genes from total RNA of field-collected
sweetpotatoes. Sequence analyses o f the DNA fragments and phylogenetic relationships
based on derived amino acids sequences o f the partial CP gene confirmed the potyvirus
nature of the DNA fragments. Also, it suggested that LSU-1 and LSU-3 could be
infected with a strain of SPVG and that LSU-2 and LSU-5 were infected with a possible
new member of the Potyvirus. The RT-PCR detection method using specific primer for
potyvirus is useful to detect potyvirus infecting sweetpotatoes. However, further studies
are necessary to characterize the biological properties of these viruses.
Symptoms induced by the five LSU potyviruses on SOH and I. setosa could not
be differentiated from those caused by strains 95-2 and 95-6 o f SPFMV. C. quinoa did
not show symptoms after mechanical inoculation with LSU-1, but I. setosa
mechanically inoculated with the symptomless leaves of C. quinoa showed symptoms
o f vein banding and chlorotic spots. C quinoa is not susceptible to most strains of
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SPFMV (Brunt et al. 1996), but SPLV and the Zimbabwe strain o f SPFMV (SPFMVZim) have been reported to cause local lesions on C. quinoa (Chavi et al., 1997; Brunt
et al., 1996). This host appears to be a symptomless carrier of the LSU-1 potyvirus. The
LSU-S potyvirus induced severe mosaic symptoms on N. benthamiana, in contrast
SPFMV-Zim was reported to induce systemic vein clearing on N. benthamiana (Chavi
et al., 1997). Mild symptoms o f vein clearing and mild mosaic were observed on this
host plant after inoculations with SPFMV (95-2 and 95-6) (De Souto, 1998).
Since the sequence o f the DNA fragments amplified with primer set B for the
LSU-l and LSU-3 potyviruses were 98 % identical to the corresponding region o f the
CP gene of SPV-G, it is possible that the LSU-1 and LSU-3 potyviruses are strains of
SPV-G. SPV-G has been reported only from China (Colinet et al., 1994b). Since the
LSU-3 potyvirus was found in a true seedling in Chase, LA, it is possible that this virus
may be present in the field. Due to a lack of information about the biological properties
o f SPV-G, it is difficult to establish if the potyviruses designated as LSU-1 and LSU-3
are strains of the virus. The relationship of LSU-1 and LSU-3 to SPVG can be
determined by conducting comparative studies among these three viruses.
De Souto (1998) used the RT-PCR method with primer set A (POT2/POT1) to
detect SPFMV infecting sweetpotatoes in Louisiana, and three different strains of
SPFMV (FMV-C, 95-2, and 95-6) were identified. The nucleotide sequence o f the RTPCR products from the LSU-2 potyvirus had 69 % identity with that o f corresponding
sequences o f strains o f SPFMV, 95-2 and 95-6. In the case of LSU-5 potyvirus, 67 %
identity was obtained with both o f these two SPFMV strains. Generally, derived amino
acid sequences corresponding to the Nib gene o f the LSU-5 potyvirus and both
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SPFMV-95-2 and 95-6 were more conserved than sequences corresponding to the CP
gene. The N-terminus of the CP region was less conserved, but similarity was greater
near the C-terminus. This pattern is similar for the CP cistron of most potyviruses
(Abad et al., 1992). The homology o f the amino acid sequence of the CP gene o f LSU-5
compared to SPFMV-95-2 and 95-6 was lower than that obtained with the Nib gene.
Therefore, it is possible that the LSU-5 potyvirus is a distinct strain o f SPFMV.
The derived amino acid sequence of the RT-PCR products of the LSU-2 and
LSU-5 potyviruses had a VYHQS sequence, but instead o f this sequence, LSU-1 and
LSU-3 potyviruses had VHHQS, which has not been reported. All derived amino acid
sequences of the DNA fragments amplified from each LSU potyvirus contained the
common motif DAG box, which is found in the CP gene of all aphid-transmitted
potyviruses and has been associated with aphid transmissibility (Atreya et al., 1995).
Although they have not yet been tested, it is possible that all o f the LSU potyviruses are
aphid-transmitted. Another common motif in potyviruses, the N-terminus o f trypsinresistant potyviral CP (Abad et al., 1992), was observed from derived amino acid
sequences of all four LSU potyviruses. In addition, another three common motifs of the
Nib gene of potyviruses were observed in all four derived amino acid sequences. The
results of sequence analysis of RT-PCR amplified DNA fragments, strongly support the
identification o f the LSU isolates as potyviruses.
Serological methods have been used widely and successfully for large-scale
detection and epidemiological study o f sweetpotato viruses and other potyviruses
(Gibbs and Mackenzie, 1997; Chavi et al., 1997). However, they are not often useful for
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determining the relationships o f potyvirus species. The sequences of the N-terminal of
the CP gene o f potyviruses were used for phylogenetic relationships between the four
LSU potyviruses and other members o f this group. These analyses showed that the four
LSU potyviruses form two clusters distinct from SPFMV and other potyviruses,
suggesting that they may be genetically distinct. These analyses showed that the four
LSU potyviruses form two clusters distinct from SPFMV and other potyviruses,
suggesting that they may be genetically distinct
The LSU-2 and LSU-5 potyviruses were clustered together with SPFMV-Zim in
the same branch o f the phylogenetic tree constructed using the sequence of the Nterminus region of the CP gene. Using polyclonal antisera, Chavi et al. (1997) found
that SPFMV-RC is serologically related to SPFMV-Zim. SPFMV-Zim contains 22
amino acids (N’-TPTKFPKTSGKGTGTQTTTPLE-C’) at the N-terminus of the CP
gene. This amino acid sequence is lacking in other strains of SPFMV (Chavi et al.,
1997). When LSU-2, LSU-5, SPFMV-Zim, SPFMV-C, and SPFMV-RC were
compared (Figure 4.11), the LSU-2 and LSU-5 potyviruses contain a similar 20-amino
acids sequence (N’-TPTPAKSVKTRTGQTQPLKA-C’) at the N-terminus of the CP. In
the phylogenetic tree constructed using the CP sequence, LSU-2, LSU-5, and SPFMVZim seem to diverge from the strains o f SPFMV. Although SPFMV-Zim has a close
serological relationship with SPFMV-RC, the sequence analysis of the potyviral CP
suggests that this strain together with LSU-2 and LSU-5 may be distinct sweetpotato
potyviruses. However, future cloning and sequencing o f the complete viral genome
together with determination o f biological properties will be needed to reveal their exact
position within the Potyviridae.
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Figure 4.11. Comparison of the amino acid sequences of the N-terminal part of the coat
protein gene o f the four LSU potyviruses (LSU-1, LSU-2, LSU-3, and LSU-5) with the
corresponding sequences o f the Zimbabwe (Zim), russet crack (RC), China (CH), and
common (C) strains of Sweetpotato feathery mottle virus (SPFMV). Dashes indicate
that amino acid is deleted.
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Biological assays, including host range and symptomatology, cytopathology,
ELISA tests, and detection by RT-PCR support that the four LSU virus samples
infecting sweetpotato belong to the family Potyviridae. However, these assays were not
adequate to determine if they were different species. Partial sequence determination of
RT-PCR products and phylogenetic analysis based on N-terminal CP gene between
sweetpotato potyviruses and other potyviruses were helpful to confirm the presence of
potyviruses, different from SPFMV, in the United States.
Amplification o f DNA fragments including the variable N-terminal region of the
CP o f potyviruses can provide a convenient method for detecting infections by distinct
potyviruses and/or new members of the potyvirus group without the laborious
preliminary work o f virus purification. The data obtained from analysis of the amplified
genomic regions can be used for classification and taxonomic studies, and also, the
amplified fragments can be used to develop nucleic acid hybridization tests for largescale screening.
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CHAPTER 5. SUMMARY AND CONCLUSION
5.1 SUMMARY
Transmission electron microscope was used to detect and attempt to identify
viruses infecting sweetpotato (Ipomoea batatas) and other Ipomoea species. Flexuousrods, short curved-rods, and spherical virus-like particles were observed in cells of
symptomatic plants (Table 5.1). Also, various cytopathic changes such as crystals,
vesicles, fibril structures, and cylindrical inclusions were observed (Table 5.1). Some o f
these cytopathic changes were associated with those induced by particular viral groups,
such as crinivirus and potyvirus, but others could not be associated with any viral group
and their identity could not be determined.
Some molecular and biological properties of an isolate of Sweetpotato chlorotic
stm t virus from the sweetpotato cultivar White Bunch (SPCSV-WB) were determined.
Two species o f whiteflies, Bemisia tabaci biotype B and Trialeurodes abutilonea,
transmitted SPCSV-WB to I. nil cv. Scarlet O’Hara. Two double-stranded RNA
fragments (10 and 4 kb) o f SPCSV-WB were isolated from infected /. setosa plants.
DNA fragments o f the homologue heat shock protein 70 (HSP70) and the coat protein
(CP) genes o f SPCSV-WB were obtained by Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR). The derived amino acid sequence of the HSP70 o f SPCSV-WB
was identical to that o f the East and West African isolates o f SPCSV. However, the
derived amino acid sequence o f the CP gene o f SPCSV-WB had only 68 % identity
with the East African isolate o f SPCSV. An RT-PCR method using primers for the
homologue HSP70 and coat protein genes was optimized to detect SPCSV from
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Table 5.1. Summary o f virus-like particles and cytopathic changes associated with virus
infection found in several different Ipomoea spp.
Virus sourceA
1

Host

Virus-like particle8

Cytopathic change

Tissue0

Location

FR

Vesicles

PP

Cytoplasm

2

I. nil
I. cordatotriloba

SP

Fibril body

PP

Nucleus

2

I. cordatotriloba

SCR

None

PP

Nucleus

2

/. cordatotriloba

FR

None

PP

Nucleus

3

/. setosa

SP

CC

Cytoplasm

4

/. setosa

FR

None

M, E

Cytoplasm

4

I. setosa

SP

None

M, E

Cytoplasm

5

I. setosa

FR

Vesicles, Tubule-like

Cylindrical inclusion

M.H.PP

Cytoplasm

A: Virus source; 1, A whitefly-transmitted isolate of Sweetpotato chlorotic stm t virus
from the sweetpotato cultivar White Bunch; 2, Sweetpotato breeding line W-285; 3,
Sweetpotato cultivar Wagabolige; 4, Beach morning glory (/. pes-caprae); 5, Fieldcollected sweetpotatoes.
B: Virus-like particle; FR, flexuous rod; SP, spherical; SCR, short-curved rod.
C: Tissue; PP, phloem parenchyma; CC, companion cell; M, mesophyll; E, epidermal
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Ipomoea species. Although an RT-PCR product was amplified, results of other assays
did not confirm the presence o f SPCSV in field-collected sweetpotato samples.
Five viruses designated LSU-1, LSU-2, LSU-3, LSU-4, and LSU-5 were
obtained from field-collected samples o f I. batatas. Preliminary tests indicated that
these viruses were members o f the family Potyviridae. An RT-PCR method using
potyvirus specific primers was optimized for the detection of potyviruses from Ipomoea
species. RT-PCR was conducted with four o f these viruses using specific primers for
the Potyviridae. RT-PCR products corresponding to the partial 3’ end of the nuclear
inclusion B (Nib) and the partial 5’ end o f the CP genes were obtained. A DNA
fragment amplified from the LSU-1 and LSU-3 potyviruses showed 98 % identity to the
corresponding sequence of Sweetpotato virus G. DNA fragments amplified from LSU-2
and LSU-5 showed 95 % identity. Amplified DNAs contained various common motifs
o f the Potyviridae. The phylogenetic relationships based on the partial sequence o f Nib
and CP genes of these four viruses were studied.
5.2

CONCLUSION

Electron microscopy examinations of tissues from Ipomoea species infected
with sweetpotato viruses were helpful to confirm infections by members o f the
Crmivirus and Potyvirus genera. Studies with the electron microscope suggest that
several previously undescribed viruses occur in sweetpotato.
The presence of SPCSV in the heirloom cultivar White Bunch was confirmed by
whitefly transmissions, RT-PCR, and electron microscopy studies. Based on sequence
comparisons o f the HSP70 and CP genes of SPCSV-WB and two African isolates, it
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was found that the White Bunch isolate o f SPCSV is very similar to the West African
isolate but distinct from the East African isolate. SPCSV-WB can be transmitted very
efficiently by B. tabaci biotype B but poorly by T. abutilonea. Detection of SPCSV
from field-collected samples was inconclusive.
The potyvirus nature o f the LSU viruses was confirmed. Two previously
undescribed potyviruses infecting sweetpotato in the United States were identified. One
(represented by LSU-1 and LSU-3) appears to be a strain of Sweetpotato virus G. The
other potyvirus (represented by LSU-2 and LSU-5) may be a new member of the family
Potyviridae.
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